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ОБЩИЕ МЕТОДИЧЕСКИЕ УКАЗАНИЯ 

Пособие основано на оригинальных текстах по материаловедению на 

английском языке, содержащих фактический познавательный материал по 

указанной дисциплине. Основная цель пособия - оказать помощь студентам 

в усвоении базовой лексики английского языка в области 

материаловедения. 



Методическое пособие построено так, что отдельная тема может быть 

задана студентам для проработки и подготовки к очередному занятию. 

Преподаватель может отобрать несколько тем для изучения в рамках 

аудиторных занятий, другие же темы могут быть предложены для 

самостоятельного изучения студентами. 

Рекомендуется следующая процедура работы с методическим 

пособием при самостоятельной работе студентов: 

Желательно предварительно изучить (повторить) соответствующий 

раздел дисциплины «Материаловедение» на русском языке. 

Отработать чтение терминов из глоссария изучаемой темы. 

Прочитать внимательно абзац, отмечая незнакомые слова*. Отыскать 

незнакомые слова по словарю, отработать их чтение, используя 

транскрипцию, выписать их значения. 

Соблюдая правила фонетики, отработать чтение абзаца до беглого 

чтения. 

Отработать последующие абзацы согласно пп. 3, 4. 

Перевести текст на русский язык письменно. 

Выполнить обратный письменный перевод с русского на английский. 

Выполнить проверку перевода. 

Процедуру проверки следует повторять до полного устранения 

ошибок. 

Настоятельно рекомендуется выполнять устный перевод русского 

текста с листа на английский язык. 

«Упрямые»к запоминанию термины и слова следует написать 

несколько раз подряд. 

Проверить знание терминологии по глоссарию к теме. 

При затруднениях, связанных с применением грамматических 

правил, следует адресоваться к справочникам по грамматике или 

учебникам. 

Выполнить письменно упражнения в конце каждой из тем. 

Выбор и методическая разработка тем для проведения аудиторных 

занятий осуществляется преподавателем в зависимости от специализации 

студентов, методических предпочтений преподавателя и сопутствующего 

граммати- ческого материала к изучению. 

* - Незнакомое слово: 1) Неуверенность в прочтении. 2) Неизвестно 

контекстуальное значение. 3) Неуверенность в орфографии при написании. 
MATERIAL SCIENCE: PROPERTIES OF MATERIALS 

Topic 1. General Overview of Materials and their Structure 

The properties of materials are sometimes referred to as structure-sensitive, as 

compared to structure-insensitive properties. In this case structure-insensitive properties 

include the traditional physical properties: electrical and thermal conductivity, specific heat, 

density, and magnetic and optical properties. The structure-sensitive properties include the 

tensile and yield strength, hardness, and impact, creep, and fatigue resistance. It is recognized 

that some sources maintain that hardness is not a true mechanical property, because it varies 

somewhat with the characteristics of the indentor and therefore is a technological test. It is well 

known that other mechanical properties vary significantly with rate of loading, temperature, 

geometry of notch in impact testing, and the size and geometry of the test specimen. In that 

sense all mechanical tests of material properties are technological tests. Furthermore, since 

reported test values of materials properties are statistical averages, a commercial material 

frequently has a tolerance band of +5 percent or more deviation from a given published value. 

In the solid state, materials can be classified as metals, polymers, ceramics, and 

composites. Any particular material can be described by its behavior when subjected to 



externa! conditions. Thus, when it is loaded under known conditions of direction, magnitude, 

rate, and environment, the resulting responses are called mechanical properties. There are many 

possible complex interrelationships among the internal structure of a material and its service 

performance. Mechanical properties such as yield strength, impact strength, hardness, creep, 

and fatigue resistance are strongly structure-sensitive, i.e., they depend upon the arrangement 

of the atoms in the crystal lattice and on any imperfections in that arrangement, whereas the 

physical properties are less strucure-sensitive. These include electrical, thermal, magnetic, and 

optical properties and do depend in part upon structure; for example, the resistivity of a metal 

increases with the amount of cold work. Physical properties depend primarily upon the relative 

excess or deficiency of the electrons that establish structural bonds and upon their availability 

and mobility. Between the conductors with high electron mobility and the insulators with no 

free electrons, precise control of the atomic architecture has created semiconductors that can 

have a planned modification of their electron mobility. Similarly, advances in solid-state optics 

have led to the development of the stimulated emission of electromagnetic energy in the 

microwave spectrum (masers) and in the visible spectrum (lasers). 

 

Glossary 

№ English word Translation 

1.  Structure структура 

2.  Sensitive чувствительный 

3.  Electrical электрический 

4.  Thermal тепловой, термический 

5.  Conductivity проводимость 

6.  specific heat удельная теплоемкость 

7.  Density плотность 

8.  Tensile растяжимый 

9.  yield strength предел текучести 

10.  Hardness твердость 

11.  Impact удар 

12.  Creep ползучесть 

13.  Fatigue усталость 

14.  Resistance сопротивление, стойкость 

15.  Indentor индентор 

16.  Technological технологический 

17.  Test испытание 

18.  Rate скорость 

19.  Loading нагружение 

20.  Notch выточка, выемка 

21.  Specimen образец 

22.  Statistical статистический 

23.  Average средний 

24.  Tolerance допуск 

25.  Band диапазон 

26.  Deviation отклонение 

27.  solid state твердое состояние 

28.  Metal металл, металлический 

29.  Polymer полимер 

30.  Ceramic керамика 

31.  Composites композиты 

32.  Interrelationship взаимосвязь 

33.  service performance служебные характеристики 



34.  impact strength ударная прочность 

35.  Arrangement расположение 

36.  crystal lattice кристаллическая решетка 

37.  Imperfections несовершенства 

38.  Resistivity удельное сопротивление 

39.  Amount объем, количество 

40.  cold work холодная обработка 

41.  Relative 
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относительный 

42.  excess избыток 

43.  deficiency недостаток 

44.  electron электрон 

45.  structural структурный 

46.  jbond связь 

47.  availability наличие 

48.  mobility подвижность 

49.  conductor проводник 

50.  insulator изолятор 

51.  semiconductor полупроводник 

52.  solid-state твердотельный 

53.  ioptics оптика 

54.  stimulated вынужденный 

55.  emission излучение 

56.  micro wave микроволновой 

57.  maser мазер 

58.  visible видимый 

59.  laser лазер 

Questions: 

1. Зависят ли механические свойства материалов от их структуры? 2. Каковы основные 

традиционные физические свойства веществ? 3. В какой степени физические свойства 

зависят от структуры материала? 4. Что влияет на относительность понятия 

«механические свойства»? 5. Каков уровень статистического отклонения для 

промышленных материалов? 6. Как классифицируются вещества, находящиеся в 

твёрдом состоянии? 7. Дайте определение механических свойств материалов. 8. Какие 

свойства материалов в большей степени зависят от структуры: физические или 

механические? 9. От чего зависят физические свойства материалов? 10. Как зависит 

удельное сопротивление от обработки давлением? 11. Как подразделяют материалы в 

зависимости от наличия в них свободных электронов? 12. Дайте названия устройств, 

излучающих принудительно электромагнитную энергию в микроволновом и видимом 

диапазоне. 

Topic 2. Physical Properties of Materials 

In studying the general structure of materials, one may consider three groupings: first, 

atomic structure, electronic configuration, bonding forces, and the arrangement of the 

aggregations of atoms; second, the physical aspect of material including properties such as 

electrical and thermal conductivity, specific heat, and magnetism; and third, their macroscopic 

properties, such as their mechanical behavior under load, which can be explained in terms of 

impurities and imperfections in the lattice structure and the procedures used to modify that 

behavior. 

In the selection of materials for industrial applications, many engineers normally refer 

to their average macroscopic properties, as determined by engineering tests, and are seldom 



concerned with microscopic considerations. 

Others, because of their specialty or the nature of their positions, have to deal with microscopic 

properties. 

The average properties of materials are those involving matter in bulk with its flaws, 

variations in composition, and variations in density that are caused by manufacturing 

fluctuations. Microscopic properties pertain to atoms, molecules, and their interactions. These 

aspects of materials are studied for their direct applicability to industrial problems and also so 

that possible properties in the development of new materials can be estimated. 

In order not to become confused by apparently contradictory concepts when dealing 

with the relationships between the microscopic aspects of matter and the average properties of 

materials, it is wise to consider the principles that account for the nature of matter at the 

different levels of our awareness. These levels are the commonplace, the extremely small, and 

the extremely large. The commonplace level deals with the average properties already 

mentioned, and the principles involved are those set forth by classical physics. The realm of 

the extremely small is largely explained by means of quantum mechanics, whereas that of the 

extremely large is dealt with by relativity. 

Relativity is concerned with very large masses, such as planets or stars, and large 

velocities that may approach the velocity of light. It is also applicable to smaller masses, 

ranging down to subatomic particles, when they move at high velocities. Relativity has a 

definite place in the tool boxes of nuclear engineers and electrical engineers who deal with 

particle accelerators. For production engineers, relativity is of only academic interest and is 

mentioned here for the sake of completeness. 

Glossary 

№ English word Translation 

1.  bonding Связывающий 

2.  force Сила 

3.  arrangement Расположение 

4.  aggregation скопление, концентрация 

5.  conductivity Проводимость 

6.  specific удельный, специфичный 

7.  heat Тепло 

8.  magnetism магнетизм 

9.  impurities примеси 

10.  imperfections несовершенства 

11.  lattice решетка 

12.  macroscopic макроскопический 

13.  microscopic микроскопический 

14.  matter вещество; материал 

15.  bulk объём,объемный 

16.  flaw трещина, щель 

17.  variation изменение 

18.  density плотность 

19.  manufacturing изготовление 

20.  fluctuation флуктуация 

21.  to pertain to принадлежать, относиться 

22.  applicability приложимость 

23.  contradictory противоречивый 



24.  concept концепция 

25.  relationship отношение, зависимость 

26.  average средний 

27.  property свойство 

28.  awareness знание, осведомленность 

29.  commonplace общеизвестный факт 

30.  realm область, сфера 

31.  quantum квантовый 

32.  mechanics механика 

33.  relativity теория относительности 

34.  velocity скорость 

35.  light свет, легкий 

36.  subatomic субатомный 

37.  tool box инструментарий 

38.  accelerator ускоритель 

Questions: 

1. Какие группы понятий можно выделить при изучении общей структуры материалов? 

2. Укажите четыре компонента в первой группе понятий. 

3. Какие свойства материалов можно отнести к физическим свойствам? 

4.  Что понимается под макроскопическими свойствами?  

5. Каким образом обычно определяют макроскопические параметры материала?  

6. Чем определяются микроскопические свойства материалов?  

7. Какие уровни познания можно выделить с целью соотнесения микро- и 

макропараметров?  

8.  Какая дисциплина объясняет поведение микрочастиц?  

9.  Поведение каких объектов описывает теория относительности?  

10.  Приложима ли теория относительности к малым частицам и при каких условиях? 

11. Какое значение имеет теория относительности для инженера- механика в части 

изучения свойств материалов? 

Topic 3. Mechanical Properties of Materials 

Designers and engineers are usually more interested in the behavior of materials under 

load or when in a magnetic field than in why they behave as they do. Yet the better one 

understands the nature of materials and the reasons for their physical and mechanical properties 

the more quickly and wisely will he/she be able to choose the proper material for a given design. 

Generally, a material property is the measured magnitude of its response to a standard test 

performed according to a standard procedure in a given environment. In engineering materials 

the loads are mechanical or physical in nature and the properties are recorded in handbooks or, 

for new materials, are made available by the supplier. Frequently such information is tabulated 

for room-temperature conditions only, so when the actual service conditions are at subfreezing 

or elevated temperatures, more information is needed. 

All materials have properties that designers must use to their best advantage. 

The following terms describe these properties: 

Ductility is a softness present in some materials, such as copper and aluminum, that 

permits them to be formed by stretching (drawing) or hammering without breaking. Wire is 

made of ductile materials that can be drawn through a die. Brittleness is a characteristic of 

metals that will not stretch without breaking, such as cast irons and hardened steels. 

Malleability is the ability of a metal to be rolled or hammered without breaking. 

Hardness is the ability of a metal to resist being dented when it receives a blow. 

Toughness is the property of being resistant to cracking and breaking while remaining 

malleable. 

Elasticity is the ability of a metal to return to its original shape after being bent or 



stretched. 

Glossary 

№ English word Translation 

1. load нагрузка 

2. design конструкция 

3. magnitude величина 

4. environment внешние условия 

5. handbook справочник 

6. available доступный 

7. supplier поставщик 

8. subfreezing ниже точки замерзания 

9. elevated повышенный 

10. ductility ковкость, тягучесть 

11. softness мягкость 

12. stretching растяжение 

13. drawing вытяжка 

14. hammering ковка 

15. breaking разрыв, обрыв 

16. wire проволока, провод 

17. Die матрица 

18. brittleness хрупкость 

19. brittle хрупкий, ломкий 

20. cast iron чугун 

21. harden упрочнять 

22. steel сталь 

23. malleability ковкость, пластичность 

24. rolled катаный 

25. hardness твердость 

26. dent зуб, зубец 

27. dented зубчатый 

28. toughness ударная вязкость 

29. resistant стойкий 

30. cracking разрушение, растрескивание 

31. malleable ковкий,тягучий 

32. elasticity упругость 

33. shape форма 

34. bent изогнутый, гнутый 

35. stretched растянутый 

Questions: 

1. Что в материалах интересует конструкторов и инженеров в первую очередь? 2. 

Важно ли для инженеров знание природы материалов и причин их поведения, почему? 

3. Что, в сущности, представляет собой то или иное свойство материала? 4. Из каких 

источников можно получить те или иные характеристики материалов? 5. Являются ли 

справочные свойства материалов абсолютными или относительными, почему? 6. 

Дайте определение ударной вязкости. 7. Как получают проволоку? 8. Дайте 

определение хрупкости и назовите материалы, которые могут быть отнесены к 



хрупким материалам. 9. Что такое ковкость? 10. Как 

можно дать определение твердости металла? 11. 

Что такое пластичность? 12. Дайте определение 

упругости материала. 

Topic 4. Impact Properties 

In some designs, dynamic forces are likely to 

cause failure. For example an alloy may be hard and 

have high compressive strength and yet be unable to 

withstand a sharp blow. In particular, low-carbon steels 

are susceptible to brittle failure at certain temperatures. Most impact tests use a calibrated 

hammer to strike a notched or unnotched test specimen. In the former, the test result is strongly 

dependent on the base of the notch, where there is a large concentration of triaxial stresses that 

produce a fracture with little plastic flow. The impact test is particularly sensitive to internal 

stress producers such as inclusions, flake graphite, second phases, and internal cracks. 

The results from an impact test are not easily expressed in terms of design requirements 

because it is not possible to determine the triaxial stress conditions at the notch. There also 

seems to be no general agreement of the interpretation or significance of the result. Nonetheless 

the impact test has proved especially useful in defining the temperature at which steel changes 

from brittle to ductile behavior. Low-carbon steels are particularly susceptible to brittle failure 

in a cold environment such as the North Atlantic. There were cases of Liberty ships of World 

War II vintage splitting in two as a result of brittle behavior when traveling in heavy seas during 

the winter. 

In a particular design having a notch or any abrupt change in cross section, the 

maximum stress occurs at this location and may exceed the stress computed by typical formulas 

based upon simplified assumptions in connection with stress distribution. The ratio of this 

maximum stress to the nominal stress is known as a stress concentration factor, usually denoted 

by K. Stress concentration factors may be determined experimentally or by calculations based 

on the theory of elasticity. Figure 5.1 illustrates stress concentration factors К for fillets of 

various radius divided by the thickness of castings subjected to torsion, tension, and bending 

stresses. 

Fig. 5.1. К as a function of r/d: г - fillet radius; d - wall thickness 

Glossary 

№ English word Translation 

1.  failure отказ, разрушение 

2.  alloy сплав 

3.  compressive сжимающий 

4.  strength прочность, сила 

5.  withstand выдерживать 

6.  sharp острый 

7.  blow удар, порыв 

8.  low-car'oon низкоуглеродистый 

9.  steel сталь 

10.  susceptible подверженный 

11.  brittle хрупкий, ломкий 

12.  impact удар 

13.  calibrated калиброванный 

14.  notch выемка, выточка 

15.  specimen образец 

16.  triaxial объемный, трехмерный 

17.  stress напряжение 

18.  fracture разрушение 

19.  flow течение 

20.  inclusion включение 



21.  flake хлопья, волокна 

22.  graphite графит 

23.  crack трещина 

24.  requirements требования 

25.  significance значение 

26.  ductile ковкий, пластичный 

27.  environment внешние условия 

28.  vintage разлив, 

29.  splitting скалывающий, острый 

30.  abrupt резкий, обрывистый 

31.  cross section поперечное сечение 

32.  occur случаться 

33.  location положение 

34.  exceed превышать 

35.  computed рассчитанный 

36.  simplified упрошенный 

37.  assumption предположение 

38.  distribution распределение 

39.  ratio отношение 

40.  stress напряжение 

41.  concentration концентрация 

42.  factor фактор 

43.  denoted обозначенный 

44.  elasticity упругость 

45.  fillet галтель 

46.  various различный 

47.  radius радиус 

48.  divided by деленный на 

49.  thickness толщина 

50.  casting литье 

51.  subjected подверженный 

52.  torsion кручение 

53.  tension растяжение 

54.  bending гибка 

Questions: 

1. Что может вызывать поломку деталей в некоторых конструкциях. 2. Как зависит 

поведение сплавов при ударной нагрузке от температуры? 3. Как ведут себя 

низкоуглеродистые стали при низких температурах? 4. Каковы условия проведения 

теста на ударную прочность? 5. От чего существенно зависит результат такого теста? 6. 

Какие факторы могут быть отнесены к факторам, порождающим внутренние 

напряжения? 7. В чем состоит трудность соотнесения результата испытания с 

требованиями к конструкции? 8. Существует ли общий подход к оценке результатов 

испытаний? 9. В чем состоит особое значение испытания на ударную прочность? 10. 

Приведите пример хрупкого разрушения в практике эксплуатации конструкций из 

низкоуглеродистой стали. 11. Где локализуются концентраторы напряжений в 

испытуемых образцах? 12. Дайте определение коэффициента концентрации 

напряжений. 13. Укажите способы определения коэффициента концентрации 

напряжений. 14. Опишите соотношение коэффициентов концентрации напряжений для 



кручения, растяжения и изгиба. 

Topic 5 Enhancement of the proprties of materials 
Heat treatment is commonly used to enhance the mechanical properties of materials in 

the solid state. Although the process is usually thermal and modifies only the structure, there 

are thermomechanical treatments that also alter both the structure and shape, and 

thermochemical treatments that may modify both the structure and the surface chemistry. All 

three of these processes for the enhancement of properties can be classified as heat treating. 

Many alloys are heat-treated, the more important being ferrous and aluminum alloys. The 

mechanical properties of metallic materials can be increased by strain-hardening. 

When a metallic alloy is plastically deformed, its yield strength increases with increase in 

strain as long as the recrystallization 

temperature is not exceeded. Thus, controlled 

amounts of cold working may be used to 

increase the mechanical properties of a metallic 

material (Fig. 9.1). The true stress-true strain 

curves show that on a log-log plot, the strain-

hardening equation is indeed a straight line and 

its slope is denned as the coefficient of strain-hardening. Through the strain-hardening 

equation, an engineer can predict the improvement in properties that a given operation will 

impart to a material In polycrystalline alloys, the mutual interference of adjacent grains 

causes slip to occur on many intersecting slip planes with accompanying strain- hardening. 

This progressive strengthening with increasing deformation stems from the interaction of 

dislocations on intersecting slip planes. 

Fig. 9.1. The rate of strain-hardening in three metallic materials. The ultimate tensile strength 

of metals far exceeds that of polymers 

- by a factor of 25 for unreinforced 

materials and a facor of 8 for the 

woven glass- reinforced resins. In the 

case of the modulus of elasticity, the 

best thermosets are below the lowest 

nonferrous materials (fig. 9.2). 

Fig. 9.2. Comparison of the elastic moduli of materials 

Glossary 

№ English word Translation 

1.  heat treatment термообработка 

2.  enhance повышать, усиливать 

3.  property свойство 

4.  solid state твердое состояние 

5.  thermal тепловой, термический 

6.  modify изменять, модифицировать 

7.  structure структура 

8.  alter изменять, искажать 

9.  shape форма 

10.  surface chemistry хим. состояние поверхности 

11.  alloy сплав 

12.  ferrous «черный» 

13.  aluminum алюминий 

14.  metallic металлический 

15.  strain-hardening деформационное упрочнение 

16.  plastically deformed пластически деформированный 

17.  yield strength предел текучести 

18.  strain деформация 

19.  recrystallization рекристаллизация 



20.  amount объем, количество 

21.  working обработка 

22.  true stress истинное напряжение 

23.  curve кривая (линия) 

24.  log-log plot график в логарифмических осях 

25.  English word Translation 

26.  equation уравнение 

27.  denned уединенный, отдельный 

28.  predict предсказать 

29.  improvement улучшение 

30.  impart сообщать, передавать 

31.  polycrystalline поликристаллический 

32.  mutual обоюдный, взаимный 

33.  interference помеха, влияние 

34.  adjacent смежный, соседний 

35.  grain зерно 

36.  slip скольжение 

37.  intersect/ing пересекать, перекрещивать 

38.  strengthening укрепляющий 

39.  stem являться результатом 

40.  interaction взаимодействие 

41.  dislocation дислокация 

42.  ultimate предельный 

43.  tensile растягивающий 

44.  strength сила, прочность 

45.  exceed превышать, превосходить 

46.  polymer полимер 

47.  unreinforced неармированный 

48.  woven витой 

49.  resin смола 

50.  modulus of elasticity модуль упругости 

51.  thermoset реактопласт 

52.  nonferrous цветной (металл) 

Questions: 

1.С какой целью применяется термическая обработка материалов? 2. С помощью каких 

процессов улучшаются механические свойства металлов? 3. Влияет ли 

термомеханическая обработка на изменение структуры и формы материала? 4. Какие 

виды металлов целесообразно подвергать термической обработке? 5. За счет какого 

процесса, кроме термообработки, можно повысить механические свойства металлов? 6. 

Как изменяется предел текучести в процессе пластической деформации при 

температурах ниже температуры рекристаллизации? 7. Как можно определить 

коэффициент деформационного упрочнения по кривым «деформация-твердость»? 8. 

Что можно предсказывать по уравнению деформационного упрочнения? 9. Какое 

взаимодействие на зеренном уровне имеет место при деформационном упрочнении? 10. 

Чем объясняется упрочнение при развитой пластической деформации? 11. Во сколько 

раз предел прочности металлов превышает этот показатель для неармированных 

материалов и армированных стекловолокном смол? 

Topic 6. Solid-state Transformations in Ferrous Alloys 

Steel is unique in its ability to exist as a soft ductile material that can easily be formed 



or machined and then, as a result of a heat treatment, assume the role of a hard, tough material 

that resists changing shape. There are two reasons for this behavior. The first is the fact that 

iron undergoes an allotropic change at 1330°F. Carbon has little solubility in the bodycentered 

cubic lattice that is characteristic of iron at room temperature, but up to 2 percent carbon is 

soluble in the face- centered cubic lattice which is stable above 1330°F. The second is the solid-

state eutectoid reaction in which a solid solution at a certain temperature can react to form two 

new solid phases. In the case of carbon steels, the -phase, austenite, transforms to -iron (ferrite) 

and cementite, (Fe3C) by the eutectoid reaction. The eutectoid reaction is common in many 

materials, but only steel exhibits such a marked change in properties. 

Thus, when iron with 0.8 percent carbon is heated above 133O°F, the carbon dissolves 

and the resulting solid solution is called austenite or 1 -iron. If the austenite is suddenly 

quenched in water, the carbon cannot escape and thus is trapped within the lattice structure as 

an interstitial atom that strains the lattice because of the increased volume it must occupy in 

the new body-centered tetragonal structure called martensite, which is characterized by a 

needlelike microstructure (Fig. 3.5). Martensite is a hard, brittle, metastable structure, i.e., a 

nonequilibrium structure, that is a supersaturated solid solution of cementite, Fe3C, in a body-

centered tetragonal iron. In the presence of a moderate temperature rise (300 to 400°F), 

tempering or recovery occurs and the brittle structure becomes tougher, while still retaining its 

strength and hardness. 

Glossary 

№ English word Translation 

1.  ferrous «черный» 

2.  alloy сплав 

3.  steel сталь 

4.  soft мягкий 

5.  ductile ковкий 

6.  machine обрабатывать резанием 

8.  heat treatment термообработка 

9.  hard/ness твердость 

10.  tough прочный, плотный 

11.  shape форма 

12.  iron железо 

13.  undergo подвергать 

14.  allotropic аллотропный 

15.  carbon углерод 

16.  solubility растворимость 

17.  body-centered объемноцентрированный 

18.  cubic кубический 

19.  lattice решётка 

20.  face-centered гранецентрированный 

21.  stable стабильный 

22.  solid-state твёрдотельный 

23.  eutectoid эвтектоидный 

24.  solution раствор 

25.  austenite аустенит 

26.  ferrite феррит 

27.  cementite цементит 

28.  dissolve растворять 

29.  quench закаливать 

30.  escape избегать 

31.  trap улавливать 



32.  interstitial щелистый 

33.  strain деформация 

34.  volume объем 

35.  tetragonal четырехугольный 

36.  martensite мартенсит 

37.  needlelike игольчатый 

38.  brittle хрупкий 

39.  metastable метастабильный 

40.  nonequilibrium неравновесный 

41.  supersaturate перенасыщать (раствор) 

42.  moderate умеренный 

43.  tempering отпуск 

44.  recovery восстановление 

45.  retain удерживать 

46.  strength сила, прочность 

Questions: 

1.В чем преимущество стали перед другими материалами? 2. При какой температуре 

происходят аллотропные изменения в стали? 3. Какова растворимость углерода в 

материале с решеткой ОЦК? 4. При каких температурах решетка ГЦК остается 

стабильной? 5. При какой реакции образуются две новых твердых фазы? 6. В какие фазы 

превращается аустенит в углеродистых сталях? 7. При каких температурах нагрева 

чугуна с 0,8- процентным содержанием углерода происходит растворение последнего? 

8. Что происходит при резком охлаждении аустенита? 9. Дайте определение мартенсита. 

10. Какова структура и микроструктура мартенсита? 11. Что происходит со структурой 

при умеренном нагреве мартенсита? 12. Как изменяются прочностные характеристики 

и твердость при умеренном нагреве мартенсита? 

Topic 7. Grain Size and Austenitizing 

An important factor in the heat treatment of steel is the grain size, by which is meant 

the size of the microscopic grains that are established at the last temperature above the critical 

range to which the piece of steel has been treated. Fine-grained steels show better toughness at 

high hardness. Grain-size-controlled steels will show less warpage. Coarse-grained steels 

harden better. 

Grain-size-controlled steel can be secured from the steel mill within certain limits. If a 

given grain size is specified, it must be obtained by suitable control of the recrystallization 

process and by prevention of excessive grain growth. 

A relatively large dendrite grain size may be developed in the process of solidification 

as a result of the freezing rate or section size of casting. 

Large castings and ingots freeze with coarse grains. 

Thin-sectioned castings develop a fine grain size owing 

to rapid freezing. Normally, a fine grain size is desirable, 

since higher ductility and impact strength values are 

obtained at a given tensile strengths level with fine grain 

size. 

Fig. 13.1. The relation between temperature vs. soak time and the amount of stress relief 

 

Most ferrous heat treatments require that austenite be produced as the first step in a 

heat- treating operation. The iron-carbon phase diagram (fig. 13.2) shows the minimum 

temperature at which austenite can form. Austenitizing is a function of both time and 

temperature. In practice, a soaking time of 1 hour/in, of cross section is considered to be 

adequate for austenitizing a carbon steel, although temperature and initial carbide particle size 

are both important factors. 



Steels and cast irons contain, in addition to iron and carbon, other elements that shift the 

boundaries of the phase fields in the Fe-C diagram. Some alloying elements such as manganese 

and nickel are austenite stabilizers and 

extend the temperature range over 

which austenite is stable, while elements 

such as chromium and molybdenum are 

ferritic stabilizers and restrict the range 

of austenitic stability. 

Fig. 13.2. Reduced iron-carbon equilibrium diagram 

 

Glossary 

№ English word Translation 

1.  heat treatment термообработка 

2.  steel сталь 

3.  grain зерно 

4.  critical range критический диапазон 

5.  fine-grained мелкозернистый 

6.  toughness прочность, ударная вязкость 

7.  hardness твердость 

8.  warpage поводка 

9.  coarse-grained крупнозернистый 

10.  mill прокатный (стан) 

11.  specify назначать, указывать 

12.  recrystallization рекристаллизация 

13.  dendrite дендрит 

14.  solidification затвердевайие 

15.  casting литье 

16.  ingot слиток 

17.  ductility ковкость, пластичность 

18.  impact strength ударная прочность 

19.  tensile strength предел прочности 

20.  ferrous железистый («черный») 

21.  austenite аустенит 

22.  iron-carbon железо-углерод 

23.  English word Translation 

24.  soaking выдержка 

25.  carbide карбид 

26.  particle частица 

27.  cast iron чугун 

28.  shift сдвиг 

29.  boundaries границы, граничные условия 

30.  alloying легирующий 

31.  manganese марганец 

32.  nickel никель 

33.  stabilizer стабилизатор 

34.  chromium хром 

35.  molybdenum молибден 

36.  ferritic ферритный 



37.  restrict ограничивать 

Questions: 

1. Является ли размер зерна важным фактором при термической обработке стали? 2. Что 

понимается под размером зерна? 3. Как влияет мелкозернистая структура на вязкость и 

твердость стали? 4. Как влияет размер зерна на поводки деталей? 5. Как размер зерна 

влияет на упрочнение? 6. Как можно получить материал с контролируемым размером 

зерна? 7. На какой стадии можно управлять размером зерна, ограничивая его рост? 8. - 

Какая зеренная структура развивается в результате отверждения? 9. Как скорость 

охлаждения влияет на формирование зерна? 10. Как влияет размер слитков на 

формирование зерна? 11. Какое зерно предпочтительнее: мелкое или крупное, и почему? 

12. Какой компонент должен образовываться на первых этапах термообработки черных 

металло? 13. От каких двух факторов зависит образование аустенита? 14. Какое - время 

выдержки необходимо для образования аустенита? 15. Как влияют легирующие 

элементы на вид диаграммы «железо-углерод»? 16. Какие элементы являются 

стабилизаторами образования феррита? 

Topic 8. Heat Treatment of Ferrous Materials 

The properties of metals can be changed by various forms of heat treating. Steels are 

affected to a greater extent by heat treating than are other materials. All heat treatments either 

soften or harden a metal. The most common treatments for softening are stress relieving, 

annealing, and normalizing; while the major hardening processes are case-hardening or 

surface-hardening, and through-hardening. 

Hardening is performed by heating steel to a prescribed temperature and then 

quenching it in oil or water. Quenching is the process of rapidly heated metal by immersing it 

in liquids, gases or solids (such as sand, limestone, or asbestos). 

Tempering is the process of reheating previously hardened steel and then cooling it, 

usual by air. This increases the steel's toughness. 

Annealing is the process of heating and coolling metals to soften them, release their 

internal stresses, and make them easier to machine. 

Normalizing is achieved by heating metals and letting them cool in air to relieve their 

internal stresses. 

Case Hardening is the process of hardening thin outside layer of a metal. The outer 

layer placed in contact with carbon or nitrogen compounds that are absorbed by the metal as it 

is heated; afterward, the metal is quenched. 

Flame Hardening is the method of harden by heating a metal to within a prescribed 

temperature range with a flame and then quenching metal. 

Stress relieving is used to relieve stresses that remain locked in a structure, usually as a 

consequence of some manufacturing process. It involves heating to a temperature below the 

critical temperature and cooling slowly. This process is particularly applicable after 

straightening and cold-working operations and either prior to or after heat treatments to reduce 

distortion. In stress relieving, no change in microstructure is involved, but residual stresses are 

markedly reduced and toughness is improved. The relief of locked-in stresses is a time-

temperature phenomenon. 

When consideration is given to the simplicity of the stress-relieving operation and the 

equipment required, this important process, which can save considerable amounts of 

straightening and reworking time, cannot be overlooked. It may be applied to relieve stresses 

induced by casting, quenching, normalizing, machining, cold working, or welding. 

Glossary 

№ English word Translation 

1.  ferrous железисты й («черный») 

2.  property свойство 

3.  affect влиять 

4.  heat treatment термообработка 

5.  soften размягчать 

6.  harden упрочнять 

7.  stress relieving снятие напряжений 



8.  annealing отжиг 

9.  normalizing нормализация 

10.  case-hardening местная закалка 

11.  surface-hardening поверхностная закалка 

12.  through-hardening объемная закалка 

13.  quenching закалка 

14.  immerse погружать, окунать 

15.  liquid ... 

жидкии 
16.  gas газ 

17.  solid твердый 

18.  limestone известняк 

19.  asbestos асбест 

20.  tempering отпуск 

21.  toughness прочность, ударная вязкость 

22.  release отпуск 

23.  internal внутренний 

24.  to machine обработать резанием 

25.  normalizing нормализация 

26.  relieve снимать (напряжения) 

27.  layer слой 

28.  carbon углерод 

29.  nitrogen азот 

30.  compound смесь 

31.  flame hardening пламенная закалка 

32.  consequence последствие 

33.  manufacturing изготовление 

34.  applicable приложимый 

35.  straightening правка 

36.  cold-working холодная обработка 

37.  distortion искажение, искривление 

38.  microstructure микроструктура 

39.  residual остаточный 

40.  phenomenon явление 

41.  reworking переработка 

42.  overlooked выступающий 

43.  induced вызванный 

44.  casting литье 

45.  welding сварка 

Questions: 

1. Какие металлы наиболее подвержены действию термической обработки в части 

изменения их свойств? 2. Что происходит с металлом в результате термической 

обработки? 3. Перечислите наиболее известные виды термической обработки, 

уменьшающие прочностные характеристики металлов. 

Укажите виды термической обработки, приводящие к повышению прочностных свойств 

металла. 5. Дайте определение упрочнения. 6. Дайте определение операции закалки. 7. 

Какие среды могут использоваться для охлаждения нагретого металла? 8. В чем состоит 

суть операции отпуска и каково изменение свойств обрабатываемого материала? 9. 



Каково назначение операции отжига? 10. Как охлаждают металл в процессе 

нормализации? 11. Какие части детали упрочняются преимущественно при цементации 

и азотировании? 12. Опишите операции пламенной закалки. 13. Как обычно снимают 

остаточные напряжения? 14. Укажите сферу приложения операций снятия остаточных 

напряжений. 15. Как изменяется микроструктура вследствие операций снятия 

остаточных напряжений? 

Topic 9. Annealing 

Annealing involves heating to and holding at a suitable temperature, followed by 

cooling at an appropriate rate, primarily for softening of metals. When annealing iron-based 

alloys, the work is 50 to 100°F above the critical temperature range. The alloy is held for a 

period of time to insure uniform temperature throughout the part, and then allowed to cool 

slowly by keeping the parts in the furnace and allowing both to cool (see fig. 9.1). The cooling 

method should not permit one portion of the part to cool more rapidly than another portion. Its 

purpose is to remove stresses; induce softness; alter ductility, toughness, and magnetic 

properties; change grain size: remove gases; and produce a defmitie microstructure. 

Steel is annealed for one or more of the following reasons: 

To soften it for machining or fabrication operations; 

To relieve stresses in the material (often necessary after casting or welding operations); 

To alter its properties; 

To condition the steel for subsequent heat treatments or cold work; 

To refine grain size, improve ductility and promote dimensional stability. 

Perhaps the principal reason for annealing is to improve machinability characteristics 

of the steel. It is not possible to present a general rule for annealing that can be used on all types 

of steel subjected to diversified metal-removal operations. For heavy roughing cuts, the 

material should be as soft as possible (Rockwell B80). This is especially true when accuracy 

and finish are not important; however, if a close tolerance is required, as on a broaching 

operation, then a finer lamellar microstructure with a hardness of approximately Rockwell 

В100 is more desirable. The principal point for the engineer to keep in mind when using 

medium- carbon steel is to specify the condition of the steel as purchased. 

As the hardness of steel increases during cold working, ductility decreases and 

additional cold working becomes so difficult that the steel must be annealed to restore its 

ductility. 

Localized or spot annealing can be accomplished with an oxyacetylene torch and is a 

valuable technique when salvaging scrap work, but tool steels should not be torch-annealed— 

they will crack. 

Glossary 

№ English word Translation 

1.  annealing отжиг 

2.  heating нагрев 

3.  cooling охлаждение 

4.  softening размягчение 

5.  iron-based на основе железа 

6.  alloy сплав 

7.  range диапазон 

8.  furnace печь 

9.  remove stresses снимать напряжения 

10.  induce вызывать 

11.  softness мягкость 

12.  alter изменять 

13.  ductility ковкость, пластичность 

14.  toughness прочность 

15.  magnetic магнитный 

16.  property свойство 



17.  grain зерно 

18.  microstructure микроструктура 

19.  steel сталь 

20.  machining обработка резанием 

21.  casting литье 

22.  welding сварка 

23.  condition улучшение, условие 

24.  refine повышать качество, очищать 

25.  promote продвигать 

26.  dimensional размерный 

27.  stability стабильность 

28.  machinability обрабатываемость 

29.  subjected to подверженный 

30.  diversify разнообразить 

31.  metal-removal снятие металла 

32.  roughing cuts черновая обработка 

33.  accuracy точность 

34.  finish отделка 

35.  tolerance допуск 

36.  broaching протяжка 

37.  lamellar слоистый 

38.  hardness твердость 

39.  medium-carbon среднеуглеродистый 

40.  cold working холодная обработка 

41.  additional дополнительный 

42.  restore восстанавливать 

43.  spot пятно 

44.  oxyacetylene кислородно-ацетиленовый 

45.  torch горелка 

46.  salvaging сбор и использование лома 

47.  scrap металлический лом,скрап 

48.  tool steel инструментальная сталь 

49.  torch-annealed пламенный отжиг 

50.  crack трещина, щель 

Questions: 

1. Какие стадии предусматривает операция отжига? 2. Какой должна быть температура 

нагрева при отжиге? 3. Каковы требования к нагреву и охлаждению при отжиге? 4. Как 

должны охлаждаться различные части детали? 

Что достигается соблюдением требований к операции отжига? 6. Каковы причины, 

вызывающие необходимость отжига? 7. Улучшается ли обрабатываемость стали 

резанием после отжига? 8. Можно ли дать универсальные рекомендации по отжигу 

сталей под последующую механическую обработку? 9. Каковы требования материала 

под черновую обработку в случае низких требований к точности и чистоте поверхности? 

10. Каковы требования к черновой обработке в случае повышенных требований к 

точности и чистоте поверхности? 11. Каковы пути повышения ковкости при холодной 

обработке? 12. Можно ли производить пламенный отжиг инструментальных сталей и 

почему? 

 



MATERIAL SCIENCE: METALS 

Lead 

Lead and its compounds toxic and are retained by the body, accumulating over a long 

period of time—a phenomenon known as cumulative poisoning—until a lethal quantity is 

reached. The toxicity of lead compounds increases as their solubility increases. In children the 

accumulation of lead may result in cognitive deficits; in adults it may produce progressive renal 

disease. Symptoms of lead poisoning include abdominal pain and diarrhea followed by 

constipation, nausea, vomiting, dizziness, headache, and general weakness. Elimination of 

contact with a lead source is normally sufficient to effect a cure. The elimination of lead from 

insecticides and paint pigments and the use of respirators and other protective devices in areas 

of exposure have reduced lead poisoning materially. The recognition that the use of tetraethyl 

lead, Pb(C2H5)4, as an antiknock additive in gasoline was polluting the air and water led to 

the compound’s elimination as a gasoline constituent in the 1980s. (For full treatment of lead 

and lead mining and refining, see also lead poisoning.) 

Lead is formed both by neutron-absorption processes and the decay of radionuclides of 

heavier elements. Lead has four stable isotopes; their relative abundances are lead-204, 1.48 

percent; lead-206, 23.6 percent; lead-207, 22.6 percent; and lead-208, 52.3 percent. Three 

stable lead nuclides are the end products of radioactive decay in the three natural decayseries: 

uranium (decays to lead-206), thorium (decays to lead-208), and actinium (decays to lead-207). 

More than 30 radioactive isotopes have been reported. Of the radioactive isotopes of lead, the 

following appear as members of the three natural decay series: (1) thorium series: lead-212; (2) 

uranium series: lead-214 and lead-210; (3) actinium series: lead-21 1. The atomic weight of 

natural lead varies from source to source, depending on its origin by heavier element decay. 

Lead shows oxidation states of +2 and +4 in its compounds. Among the many important 

lead compounds are the oxides: lead monoxide, PbO, in which lead is in the +2 state; lead, 

dioxide, PbO2, in which lead is in the +4 state; and trilead tetroxide, Pb3O4. Lead monoxide 

exists in two modifications, litharge and massicot. Litharge, or alpha lead monoxide, is a red 

or reddish yellow solid, has a tetragonal crystal structure, and is the stable form at temperatures 

below 488 °C (910 °F). Massicot, or beta lead monoxide, is a yellow solid and has an 

orthorhombic crystal structure; it is the stable form above 488 °C. Both forms are insoluble in 

water but dissolve in acids to form salts containing the Pb2+ ion or in alkalies to form 

plumbites, which have the PbO22~. Litharge, which is produced by air oxidation of lead, is the 

most important commercial compound of lead; it is used in large amounts directly and as the 

starting material for the preparation of other lead compounds. Considerable quantities of PbO 

are consumed in manufacturing the plates of lead-acid storage batteries. High-quality glassware 

(lead crystal) contains as much as 30 percent litharge, which increases the refractive index of 

the glass and makes it brilliant, strong, and resonant. Litharge is also employed as a drier in 

varnishes and in making sodium plumbite, which is used for removing malodorous thiols (a 

family of organic compounds containing sulfur) from gasoline.PbO2, found in nature as the 

brown-to-black mineral plattnerite, is commercially produced from trilead tetroxide by 

oxidation with chlorine. It decomposes upon heating and yields oxygen and lower oxides of 

lead. PbO2 is used as an oxidizing agent in the production of dyestuffs, 32 

chemicals, pyrotechnics, and matches and as a curing agent for polysulfide rubbers. Trilead 

tetroxide (known as red lead, or minium) is produced by further oxidation of PbO. It is the 

orange-red to brick-red pigment commonly used in corrosion-resistant paints for exposed iron 

and steel It also reacts with ferric to form a ferrite used in making permanent magnets. 

Another economically significant compound of lead in the +2 oxidation state is lead 

acetate, Pb(C2H3O2)2, a water-soluble salt made by dissolving litharge in concentrated acetic 

acid. The common form, the trihydrate, Pb(C2H3O2)2 2O, called sugar of lead, is used as a 

mordant in dyeing and as a drier in certain paints. In addition, it is utilized in the production of 

other lead compounds and in gold cyanidation plants, where it primarily serves to precipitate 

soluble sulfides from solution as PbS. 

Various other salts, most notably basic lead carbonate, basic lead sulfate, and basic lead 

silicate, were once widely employed as pigments for white exterior paints. Since the mid-20th 

century, however, the use of such so-called white lead pigments has decreased substantially 

because of a concern over their toxicity and attendant hazard to human health. The use of lead 

arsenate in insecticides has virtually been eliminated for the same reason. 
 



Steel 

Steel, an alloy of iron, is one of the most versatile and useful metals known to mankind. 

In this ScienceStruck write-up, we shall learn about some interesting facts and properties of 

this metal. Steel is an alloy, consisting mainly of iron, with a carbon content of 0.2% to 2.1% 

by weight. This fact is particularly useful for making different types of steel for different 

purposes - the strength of steel needed to make a beverage can, is obviously different from the 

one needed to make railway tracks. There are various types of steel, and the use of this alloy is 

widespread across industries and infrastructure owing to its many useful properties and 

characteristics. 

Tensile strength is the amount of stress that a substance can take before becoming 

structurally deformed. The tensile strength of steel is comparatively high, making it highly 

resistant to fracture or breakage, which is a key point in its use in infrastructure building. 

One of the useful mechanical properties of steel, is its ability to change shape on the 

application of force to it, without resulting in a fracture. This property is known as ductility, 

which enables it to be used in the making of different shapes and structures ranging from thin 

wires or large automotive parts and panels. 

Malleability is closely linked with ductility, and allows steel to be deformed under 

compression. It allows this alloy to be compressed into sheets of variable thicknesses, often 

created by hammering or rolling. 

The hardness of this alloy is high, reflecting its ability to resist strain. It is long-lasting 

and greatly resistant to external wear and tear. Hence it is considered a very durable material. 

Steel is a good conductor of heat and electricity. These properties make it good choice 

for making domestic cookware, as well as electrical wiring. 

One of the physical properties of steel is its attractive outer appearance. It is silvery in 

color with a shiny, lustrous outer surface. 

The addition of certain elements, makes some types of steel resistant to rust. Stainless 

steel for instance contains nickel, molybdenum and chromium which improve its ability to 

resist rust. 

In addition to the above, the following is an indicative properties chart, which illustrates the 

differences in the properties of different types of steel. Steel is identified by grades, which are 

defined by specific organizations that set standards for grading. Mild steel and two grades of 

stainless steel, 304 and 430 are discussed below. 

Iron 

Iron makes up 5 percent of Earth’s crust and is second in abundance to aluminum 

among the metals and fourth in abundance behind oxygen, silicon, and aluminum among the 

elements. Iron, which is the chief constituent of Earth’s core, is the most abundant element in 

Earth as a whole (about 35 percent) and is relatively plentiful in the Sun and other stars. In the 

crust the free metal is rare, occurring as terrestrial iron (alloyed with 2-3 percent nickel) in 

basaltic rocks in Greenland and carbonaceous sediments in the United States (Missouri) and as 

a low-nickel meteoric iron (5-7 percent nickel), kamacite. Nickel-iron, a native alloy, occurs in 

terrestrial deposits (21-64 percent iron, 77-34 percent nickel) and in meteorites as taenite (62-

75 percent iron, 37-24 percent nickel). (For mineralogical properties of native iron and nickel-

iron, see native elements [table].) Meteorites are classified as iron, iron-stone, or stony 

according to the relative proportion of their iron and silicate- mineral content. Iron is also found 

combined with other elements in hundreds of minerals; of greatest importance as iron ore are 

hematite (ferric oxide, Fe2O3), magnetite (triiron tetroxide, Fe3O4), limonite (hydrated ferric 

oxide hydroxide, FeO(OH)-nH2O), and siderite (ferrous carbonate. FeCO3). Igneous rocks 

average about 5 percent iron content. 

The metal is extracted by smelting with carbon (coke) and limestone. (For specific 

information on the mining and production of iron, see iron processing.) The average quantity 

of iron in the human body is about 4.5 grams (about 0.004 percent), of which approximately 

Material 
Thermal Conductivity 

Btu/(hr-ft-°F) 

Density 

(lbs/in3) 

Specific Heat 

(Btu/lb/'F) 

Melting Point °F Thermal 

(in/in/"F) 

Steel. Mild 26.0-37.5 0.284 0.122 2570 6.7 

Steel. Stainless 304 8.09 0.286 0.120 2550 9.6 

Steel, Stainless 430 8.1 1 0.275 0.110 2650 6 



65 percent is in the form of hemoglobin, which transports molecular oxygen from the lungs 

throughout the body; 1 percent in the various enzymes that control intracellular oxidation; and 

most of the rest stored in the body (liver, spleen, bone marrow) for future conversion to 

hemoglobin. Red meat, egg yolk, carrots, fruit, whole wheat, and green vegetables contribute 

most of the 10-20 milligrams of iron required each day by the average adult. For the treatment 

of hypochromic anemias (caused by iron deficiency), any of a large number of organic or 

inorganic iron (usually ferrous) compounds are used. 

Iron, as commonly available, nearly always contains small amounts of carbon, which are 

picked up from the coke during smelting. These modify its properties, from hard and brittle 

cast irons containing up to 4 percent carbon to more malleable low-carbon steels containing 

less than 0.1 percent carbon. 

Three true allotropes of iron in its pure form occur. Delta iron, characterized by a body- 

centred cubic crystal structure, is stable above a temperature of 1,390 °C (2,534 °F). Below 

this temperature there is a transition to gamma iron, which has a face-centred cubic (or cubic 

close-packed) structure and is paramagnetic (capable of being only weakly magnetized and 

only as long as the magnetizing field is present); its ability to form solid solutions with carbon 

is important in steelmaking. At 910 °C (1,670 °F) there is a transition to paramagnetic alpha 

iron, which is also body-centred cubic in structure. Below 773 °C (1,423 °F), alpha iron 

becomes ferromagnetic (i.e., capable of being permanently magnetized), indicating a change 

in electronic structure but no change in crystal structure. Above 773 °C (its Curie point), it 

loses its ferromagnetism altogether. Alpha iron is a soft, ductile, lustrous, gray-white metal of 

high tensile strength. 

Pure iron is quite reactive. In a very finely divided state metallic iron is pyrophoric (i.e., it 

ignites spontaneously). Ft combines vigorously with chlorine on mild heating and aiso with a 

variety of other nonmetals, including all of the halogens, sulfur, phosphorus, boron, carbon, 

and silicon (the carbide and silicide phases play major roles in the technical metallurgy of iron). 

Metallic iron dissolves readily in dilute mineral acids. With nonoxidizing acids and in the 

absence of air, iron in the +2 oxidation state is obtained. With air present or when warm dilute 

nitric acid is used, some of the iron goes into solution as the Fe3+ ion. Very strongly oxidizing 

mediums—for example, concentrated nitric acid or acids containing dichromate— passivate 

iron (i.e., cause it to lose its normal chemical activity), however, much as they do chromium. 

Air-free water and dilute air-free hydroxides have little effect on the metal, but it is attacked 

by hot concentrated sodium hydroxide. 

Natural iron is a mixture of four stable isotopes: iron-56 (91.66 percent), iron-54 (5.82 

percent), iron-57 (2.19 percent), and iron-58 (0.33 percent). 

Iron compounds are amenable to study by taking advantage of a phenomenon known as the 

Mossbauer effect (the phenomenon of a gamma ray being absorbed and reradiated by a nucleus 

without recoil). Although the Mossbauer effect has been observed for about one-third of the 

elements, it is particularly for iron (and to a lesser extent tin) that the effect has been a major 

research tool for the chemist. In the case of iron the effect depends on the fact that the nucleus 

of iron-57 can be excited to a high energy state by the absorption of gamma radiation of very 

sharply defined frequency that is influenced by the oxidation state, electron configuration, and 

chemical environment of the iron atom and can thus be used as a probe of its chemical 

behaviour. The marked Mossbauer effect of iron-57 has been used in studying magnetism and 

hemoglobin derivatives and for making a very precise nuclear clock. 

The most important oxidation states of iron are +2 and +3, though a number of +4 and 

+6 states are known. For the element iron the trends in the relative stabilities of oxidation states 

among elements of the first transition series are continued, except that there is no compound 

or chemically important circumstance in which the oxidation state of iron is equal to the total 

number of its valence-shell electrons, eight; the highest known oxidation state is +6, which is 

rare and unimportant. Even the +3 oxidation state, which is important at the position of 

chromium in the periodic table, loses ground to the +2 state at the position of iron. Compounds 

of iron in the +2 state are designated ferrous and contain the pale green Fe2+ ion or complex 

ions. Compounds of iron in the +3 state are called ferric and contain the Fe3+ ion (which is 

yellow to orange to brown, depending on the extent of hydrolysis) or complex ions. 

Three oxygen compounds of iron are known: ferrous oxide, FeO; ferric oxide, Fe2O3; 

and ferrosoferric oxide, or ferroferric oxide. Fe3O4, which contains iron in both +2 and +3 

oxidation states. Ferrous oxide is a greenish to black powder used primarily as a pigment for 



glasses. It occurs in nature as the mineral wuestite and it can be prepared by heating a ferrous 

compound in the absence of air or by passing hydrogen over ferric oxide. Ferric oxide is a 

reddish-brown to black powder that occurs naturally as the mineral hematite. It can be produced 

synthetically by igniting virtually any ferrous compound in air. Ferric oxide is the basis of a 

series of pigments ranging from yellow to a red known as Venetian red. The finely powdered 

red form, often called jewelers’ rouge, is used for polishing precious metals and diamonds, as 

well as in cosmetics. Ferric oxide forms a number of hydrates with variable structures and 

compositions. A common form is iron rust, produced by the combined action of moisture, 

carbon dioxide, and oxygen in the air on metallic iron. This process occurs in two steps: first, 

iron dissolves in the acid solution produced by the moisture and the carbon dioxide of the air, 

to form ferrous iron and liberate hydrogen; second, oxygen from the air oxidizes the ferrous 

iron to form hydrated ferric oxide. Ferrosoferric oxide occurs as the mineral magnetite in the 

form of magnetic, black or red-black crystals. It is prepared bypassing steam over red-hot iron. 

The oxide is widely employed in ferrites, substances with high magnetic permeability and high 

electrical resistivity used in certain computer memories and coatings for magnetic tape. It is 

also used as a pigment and a polishing agent. 

The action of sul furic acid on iron results in the formation of two sulfur compounds: 

ferrous sulfate, FeSO4, which is commonly available as the heptahydrate FeSO4-7H2O; and 

ferric sulfate, Fe2(SO4)3. Ferrous sulfate heptahydrate, known in commerce as green vitriol, 

or copperas, is obtained as a by-product of industrial processes using iron ores that have been 

treated with sulfuric acid. It serves as a starting material for the manufacture of various other 

ferrous compounds and as a reducing agent. It is also employed in making inks, fertilizers, and 

pesticides and for iron electroplating. Ferric sulfate is produced on a large scale by adding 

sulfuric acid and an oxidizing agent (e.g., nitric acid or hydrogen peroxide) to a hot solution of 

ferrous sulfate. It is used to make iron alums and other ferric compounds; as a coagulant in 

water purification and sewage treatment; and as a mordant (fixative) in textile dyeing and 

printing. 

With chlorine, iron forms another group of industrially important compounds: ferrous 

chloride, FeC12; and ferric chloride, FeC13. Ferrous chloride is obtained as yellow-green 

deliquescent (moisture-absorbing) crystals by passing dry hydrogen chloride gas over red-hot 

iron. It also can be prepared in hydrated form, FeC12-4H2O, by dissolving metallic iron in 

hydrochloric acid. It is used in the dye industry as a mordant and as a reducing agent. Ferric 

chloride is generally prepared from ferrous chloride through the action of chloride or nitric 

acid. It is used to make many other ferric compounds and as a chlorinating agent for silver, 

copper, and some organic compounds. Treating a solution of Fe3+ with the complex 

hexacyanoferrate ion, [Fe(CN6)]4-, yields a deep blue precipitate called Prussian blue. This 

pigment has a slight reddish tint and is employed in paints, enamels, and lacquers. 

A number of iron compounds have been found medically useful. For example, ferrous 

gluconate, Fe(C6Hl 1O7)2-2H2O, and ferric pyrophosphate, Fe4(P2O7)3-xH2O, are among 

the compounds frequently used to treat anemia. Various ferric salts, which act as coagulants, 

are applied to wounds to promote healing. 

Copper 

Copper (Cu), chemical element, a reddish, extremely ductile metal of Group 11 (lb) of 

the periodic table that is an unusually good conductor of electricity and heat. Copper is found 

in the free metallic state in nature. This native copper was first used (c. 8000 BCE) as a 

substitute for stone by Neolithic (New Stone Age) humans. Metallurgy dawned in 

Mesopotamia as copper was cast to shape in molds (c. 4000 BCE), was reduced to metal from 

ores with fire and charcoal, and was intentionally alloyed with tin as bronze (c. 3500 BCE). 

The Roman supply of copper came almost entirely from Cyprus. It was known as aes Cyprium, 

“metal of Cyprus,” shortened to cyprium and later corrupted to cuprum. See also bronze. 

Copper is commercially produced mainly by smelting or leaching, usually followed by 

electrodeposition from sulfate solutions. For a detailed treatment of the production of copper, 

see copper processing. The major portion of copper produced in the world is used by the 

electrical industries; most of the remainder is combined with other metals to form alloys. (It is 

also technologically important as an electroplated coating.) Important series of alloys in which 

copper is the chief constituent are brasses (copper and zinc), bronzes (copper and tin), and 



nickel silvers (copper, zinc, and nickel, no silver). There are many useful alloys of copper and 

nickel, including Monel; the two metals are completely miscible. Copper also forms an 

important series of alloys with aluminum, called aluminum bronzes. Beryllium copper (2 

percent Be) is an unusual copper alloy in that it can be hardened by heat treatment. Copper is 

a part of many coinage metals. Long after the Bronze Age passed into the Iron Age, copper 

remained the metal second in use and importance to iron. By the 1960s, however, cheaper and 

much more plentiful aluminum had moved into second place in world production. 

Copper is one of the most ductile metals, not especially strong or hard. Strength and 

hardness are appreciably increased by cold-working because of the formation of elongated 

crystals of the same face-centred cubic structure that is present in the softer annealed copper. 

Common gases, such as oxygen, nitrogen, carbon dioxide, and sulfur dioxide are soluble in 

molten copper and greatly affect the mechanical and electrical properties of the solidified 

metal. The pure metal is second only to silver in thermal and electrical conductivity. Natural 

copper is a mixture of two stable isotopes: copper-63 (69.15 percent) and copper-65 (30.85 

percent). 

Because copper lies below hydrogen in the electromotive series, it is not soluble in 

acids with the evolution of hydrogen, though it will react with oxidizing acids, such as nitric 

and hot, concentrated sulfuric acid. Copper resists the action of the atmosphere and seawater. 

Exposure for long periods to air, however, results in the formation of a thin green protective 

coaling (patina) that is a mixture of hydroxocarbonate, hydroxosulfate, and small amounts of 

other compounds. Copper is a moderately noble metal, being unaffected by nonoxidizing or 

noncomplexing dilute acids in the absence of air. It will, however, dissolve readily in nitric 

acid and in sulfuric acid in the presence of oxygen. It is also soluble in aqueous ammonia or 

potassium cyanide in the presence of oxygen because of the formation of very stable cyano 

complexes upon dissolution. The metal will react at red heat with oxygen to give cupric oxide, 

CuO, and, at higher temperatures, cuprous oxide, Cu2O. It reacts on heating with sulfur to give 

cuprous sulfide, Cu2S. 

Copper forms compounds in the oxidation states +1 and +2 in its normal chemistry, 

although under special circumstances some compounds of trivalent copper can be prepared. It 

has been shown that trivalent copper survives no more than a few seconds in an aqueous 

solution. 

Copper(I) (cuprous) compounds are all diamagnetic and, with few exceptions, 

colourless. Among the important industrial compounds of copper(I) are cuprous oxide (Cu2O), 

cuprous chloride (Cu2CI2), and cuprous sulfide (Cu2S). Cuprous oxide is a red or reddish 

brown crystal or powder that occurs in nature as the mineral cuprite. It is produced on a large 

scale by reduction of mixed copper oxide ores with copper metal or by electrolysis of an 

aqueous solution of sodium chloride using copper electrodes. The pure compound is insoluble 

in water but soluble in hydrochloric acid or ammonia. Cuprous oxide is used principally as a 

red pigment for antifouling paints, glasses, porcelain glazes, and ceramics and as a seed or crop 

fungicide. 

Cuprous chloride is a whitish to grayish solid that occurs as the mineral nantokite, it is 

usually prepared by reduction of copper(II) chloride with metallic copper. The pure compound 

is stable in dry air. Moist air converts it to a greenish oxygenated compound, and upon exposure 

to light it is transformed into copper(II) chloride. It is insoluble in water but dissolves in 

concentrated hydrochloric acid or in ammonia because of the formation of complex ions. 

Cuprous chloride is used as a catalyst in a number of organic reactions, notably the synthesis 

of acrylonitrile from acetylene and hydrogen cyanide; as a decolourizing and desulfurizing 

agent for petroleum products; as a denitrating agent for cellulose; and as a condensing agent 

for soaps, fats, and oils. 

Cuprous sulfide occurs in the form of black powder or lumps and is found as the 

mineral chalcocite. Large quantities of the compound are obtained by heating cupric sulfide 

(CuS) in a stream of hydrogen. Cuprous sulfide is insoluble in water but soluble in ammonium 

hydroxide and nitric acid. Its applications include use in solar cells, luminous paints, electrodes, 

and certain varieties of solid lubricants. 

Copper(II) compounds of commercial value include cupric oxide (CuO), cupric 

chloride (CuC12), and cupric sulfate (CuSO4). Cupric oxide is a black powder that occurs as 

the minerals tenorite and paramelaconite. Large amounts are produced by roasting mixed 



copper oxide ores in a furnace at a temperature below 1,030 °C (1,900 °F). The pure compound 

can be dissolved in acids and alkali cyanides. Cupric oxide is employed as a pigment (blue to 

green) for glasses, porcelain glazes, and artificial gems. It is also used as a desulfurizing agent 

for petroleum gases and as an oxidation catalyst. 

Cupric chloride is a yellowish to brown powder that readily absorbs moisture from the 

air and turns into the greenish blue hydrate, CuC12-2H2O. The hydrate is commonly prepared 

by passing chlorine and water in a contacting tower packed with metallic copper. The 

anhydrous salt is obtained, by heating the hydrate to 100 °C (212 °F). Like cuprous chloride, 

cupric chloride is used as a catalyst in a number of organic reactions—e.g., in chlorination of 

hydrocarbons. In addition, it serves as a wood preservative, mordant (fixative) in the dyeing 

and printing of fabrics, disinfectant, feed additive, and pigment for giass and ceramics. 

Cupric sulfate is a salt formed by treating cupric oxide with sulfuric acid. It forms as large, 

bright blue crystals containing five molecules of water (CuSO4-5H2O) and is known in 

commerce as blue vitriol. The anhydrous salt is produced by heating the hydrate to 150 °C (300 

°F). Cupric sulfate is utilized chiefly for agricultural purposes, as a pesticide, germicide, feed 

additive, and soil additive. Among its minor uses are as a raw material in the preparation of 

other copper compounds, as a reagent in analytic chemistry, as an electrolyte for batteries and 

electroplating baths, and in medicine as a locally applied fungicide, bactericide, and astringent. 

Other important copper(II) compounds include cupric carbonate, Cu2(OH)2CO3, 

which is prepared by adding sodium carbonate to a solution of copper sulfate and then filtering 

and drying the product. It is used as a colouring agent. With arsenic it forms cupric 

acetoarsenite (commonly known as Paris green), a wood preservative and insecticide. 

Aluminum 

Aluminum (Al), also spelled aluminium, chemical element, a lightweight silvery white 

metal of main Group 13 (Illa, or boron group) of the periodic table. Aluminum is the most 

abundant metallic element in Earth’s crust and the most widely used nonferrous metal. Because 

of its chemical activity, aluminum never occurs in the metallic form in nature, but its 

compounds are present to a greater or lesser extent in almost all rocks, vegetation, and animals. 

Aluminum is concentrated in the outer 16 km (10 miles) of Earth’s crust, of which it constitutes 

about 8 percent by weight; it is exceeded in amount only by oxygen and silicon. The name 

aluminum is derived from the Latin word alumen, used to describe potash alum, or aluminum 

potassium sulfate, KA1(SO4)2-12H2O. 

Aluminum occurs in igneous rocks chiefly as aluminosilicates 

in feldspars, feldspathoids, and micas; in the soil derived from them as clay; and upon further 

weathering as bauxite and iron-rich laterite Bauxite, a mixture of hydrated aluminum oxides, 

is the principal aluminum ore. Crystalline aluminum oxide (emery, corundum), which occurs 

in a few igneous rocks, is mined as a natural abrasive or in its finer varieties as rubies and 

sapphires. Aluminum is present in other gemstones, such as topaz, garnet, and chrysoberyl. Of 

the many other aluminum minerals, alunite and cryolite have some commercial importance. 

Before 5000 BCE people in Mesopotamia were making fine pottery from a clay that 

consisted largely of an aluminum compound, and almost 4,000 years ago Egyptians and 

Babylonians used aluminum compounds in various chemicals and medicines. Pliny refers to 

alumen, now known as alum, a compound of aluminum widely employed in the ancient and 

medieval world to fix dyes in textiles. In the latter half of the 18th century, chemists such as 

Antoine Lavoisier recognized alumina as the potential source of a metal. 

Crude aluminum was isolated (1825) by Danish physicist Hans Christian 0rsted by 

reducing aluminum chloride with potassium amalgam. British chemist Sir Humphry Davy had 

prepared (1809) an iron-aluminum alloy by electrolyzing fused alumina (aluminum oxide) and 

had already named the element aluminum; the word later was modified to aluminium in 

England and some other European countries. German chemist Friedrich Wohler, using 

potassium metal as the reducing agent, produced aluminum powder (1827) and small globules 

of the metal (1845), from which he was able to determine some of its properties. 

The new metal was introduced to the public (1855) at the Paris Exposition at about the 

time that it became available (in small amounts at great expense) by the sodium reduction of 

molten aluminum chloride through the Deville process. When electric power became relatively 

plentiful and cheap, almost simultaneously Charles Martin Hall in the United States and Paul- 

Louis-Toussaint Hdroult in France discovered (1886) the modern method of commercially 

producing aluminum: electrolysis of purified alumina (A12O3) dissolved in molten cryolite 



(Na3AlF6). During the 1960s aluminum moved into first place, ahead of copper, in world 

production of nonferrous metals. For more specific information about the mining, refining, and 

production of aluminum, see aluminum processing. 

Aluminum is added in small amounts to certain metals to improve their properties for specific 

uses, as in aluminum bronzes and most magnesium-base alloys; or, for aluminum- base alloys, 

moderate amounts of other metals and silicon are added to aluminum. The metal and its alloys 

are used extensively for aircraft construction, building materials, consumer durables 

(refrigerators, air conditioners, cooking utensils), electrical conductors, and chemical and food-

processing equipment. 

Pure aluminum (99.996 percent) is quite soft and weak; commercial aluminum (99 to 

99.6 percent pure) with small amounts of silicon and iron is hard and strong. Ductile and highly 

malleable, aluminum can be drawn into wire or rolled into thin foil. The metal is only about 

one-third as dense as iron or copper. Though chemically active, aluminum is nevertheless 

highly corrosion-resistant, because in air a hard, tough oxide film forms on its surface. 

Aluminum is an excellent conductor of heat and electricity. Its thermal conductivity is 

about one-half that of copper; its electrical conductivity, about two-thirds. It crystallizes in the 

face-centred cubic structure. All natural aluminum is the stable isotope aluminum-27. Metallic 

aluminum and its oxide and hydroxide are nontoxic. 

Aluminum is slowly attacked by most dilute acids and rapidly dissolves in concentrated 

hydrochloric acid. Concentrated nitric acid, however, can be shipped in aluminum tank cars 

because it renders the metal passive. Even very pure aluminum is vigorously attacked by 

alkalies such as sodium and potassium hydroxide to yield hydrogen and the aluminate ion. 

Because of its great affinity for oxygen, finely divided aluminum, if ignited, will burn in carbon 

monoxide or carbon dioxide with the formation of aluminum oxide and carbide, but, at 

temperatures up to red heat, aluminum is inert to sulfur. 

Aluminum can be detected in concentrations as low as one part per million by means 

of emission spectroscopy. Aluminum can be quantitatively analyzed as the oxide (formula 

A12O3) or as a derivative of the organic nitrogen compound 8-hydroxyquinoline. The 

derivative has the molecular formula Al(C9H6ON)3. 

Ordinarily, aluminum is trivalent. At elevated temperatures, however, a few gaseous 

monovalent and bivalent compounds have been prepared (A1C1, A12O, A1O). In aluminum 

the configuration of the three outer electrons is such that in a few compounds (e.g., crystalline 

aluminum fluoride [A1F3] and aluminum chloride [A1C13]) the bare ion, A13+, formed by 

loss of these electrons, is known to occur. The energy required to form the A13+ ion, however, 

is very high, and, in the majority of cases, it is energetically more favourable for the aluminum 

atom to form covalent compounds by way ofsp2 hybridization, as boron does. The AI3+ ion 

can be stabilized by hydration, and the octahedral ion [A1(H2O)6]3+ occurs both in aqueous 

solution and in several salts. 

A number of aluminum compounds have important industrial applications. Alumina, 

which occurs in nature as corundum, is also prepared commercially in large quantities for use 

in the production of aluminum metal and the manufacture of insulators, spark plugs, and 

various other products. Upon heating, alumina develops a porous structure, which enables it to 

adsorb water vapour. This form of aluminum oxide, commercially known as activated alumina, 

is used for drying gases and certain liquids. It also serves as a carrier for catalysts of various 

chemical reactions. 

Anodic aluminum oxide (AAO), typically produced via the electrochemical oxidation 

of aluminum, is a nanostructured aluminum-based material with a very unique structure. AAO 

contains cylindrical pores that provide for a variety of uses. It is a thermally and mechanically 

stable compound while also being optically transparent and an electrical insulator. The pore 

size and thickness of AAO can easily be tailored to fit certain applications, including acting as 

a template for synthesizing materials into nanotubes and nanorods. Another major compound 

is aluminum sulfate, a colourless salt obtained by the action of sulfuric acid on hydrated 

aluminum oxide. The commercial form is a hydrated crystalline solid with the chemical 

formula A12(SO4)3. It is used extensively in paper manufacture as a binder for dyes and as a 

surface filler. Aluminum sulfate combines with the sulfates of univalent metals to form 

hydrated double sulfates called alums. The alums, double salts of formula MA1(SO4)2 12H2O 

(where M is a singly charged cation such as K+), also contain the A13+ion; M can be the cation 

of sodium, potassium, rubidium, cesium, ammonium, or thallium, and the aluminum may be 



replaced by a variety of other M3+ions— e.g., gallium, indium, titanium, vanadium, chromium, 

manganese, iron, or cobalt. The most important of such salts is aluminum potassium sulfate, 

also known as potassium alum or potash alum. These alums have many applications, especially 

in the production of medicines, textiles, and paints. 

The reaction of gaseous chlorine with molten aluminum metal produces aluminum 

chloride; the latter is the most commonly used catalyst in Friedel-Crafts reactions— i.e., 

synthetic organic reactions involved in the preparations of a wide variety of compounds, 

including aromatic ketones and anthraquinone and its derivatives. Hydrated aluminum 

chloride, commonly known as aluminum chlorohydrate, A1C13-H2O, is used as a topical 

antiperspirant or body deodorant, which acts by constricting the pores. It is one of several 

aluminum salts employed by the cosmetics industry. 

Aluminum hydroxide, Al(0H)3, is used to waterproof fabrics and to produce a number 

of other aluminum compounds, including salts called aluminates that contain the A1O-2 group. 

With hydrogen, aluminum forms aluminum hydride, A1H3, a polymeric solid from which are 

derived the tetrohydroaluminates (important reducing agents). Lithium aluminum hydride 

(LiAlH4), formed by the reaction of aluminum chloride with lithium hydride, is widely used 

in organic chemistry—e.g., to reduce aldehydes and ketones to primary and secondary 

alcohols, respectively. 
Alloying 

Almost all metals are used as alloys—that is, mixtures of several elements—because 

these have properties superior to pure metals. Alloying is done for many reasons, typically to 

increase strength, increase corrosion resistance, or reduce costs. 

In most cases, alloys are mixed from commercially pure elements. Mixing is relatively 

easy in the liquid state but slow and difficult in the solid state, so that most alloys are made by 

melting the base metal—for instance, iron, aluminum, or copper—-and then adding the 

alloying agents. Care must be taken to avoid contamination, and in fact purification is often 

carried out at the same time, since this is also done more easily in the liquid state. Examples 

can be found in steelmaking, including the desulfurizing of liquid blast-furnace iron in a ladle, 

the decarburization of the iron during its conversion to steel, the removal of oxygen from the 

liquid steel in a vacuum degasser, and finally the addition of tiny amounts of alloying agents 

to bring the steel to the desired composition. 

The largest tonnages of alloys are melted in air, with the slag being used to protect the 

metal from oxidation. However, a large and increasing amount is melted and poured entirely 

in a vacuum chamber. This allows close control of the composition and minimizes oxidation. 

Most of the alloying elements needed are placed in the initial charge, and melting is done with 

electricity, either by induction heating or by arc melting. Induction melting is conducted in a 

crucible, while in arc melting the melted droplets drip from the arc onto a water-cooled pedestal 

and are immediately solidified. 

Sometimes an inhomogeneous, composite structure is desired, as in cemented tungsten 

carbide cutting tools. In such cases, the alloy is not melted but is made by powder metallurgical 

techniques (see below). 

The most common reason for alloying is to increase the strength of a metal. This 

requires that barriers to slip be distributed uniformly throughout the crystalline grains. On the 

finest scale, this is done by dissolving alloying agents in the metal matrix (a procedure known 

as solid solution hardening). The atoms of the alloying metals may substitute for matrix atoms 

on regular sites (in which case they are known as substitutional elements), or, if they are 

appreciably smaller than the matrix atoms, they may take up places between regular sites 

(where they are called interstitial elements). 

The next coarser type of barrier to slip is a fine, solute-rich precipitate with dimensions 

of only tens or hundreds of atomic diameters. These particles are formed by heat treatment. 

The metal is heated to a temperature at which the solute-rich phase dissolves (e.g., 5 percent 

copper in aluminum at 540° C [1,000° F]), and then it is rapidly cooled to avoid precipitation. 

The next step is to form a fine precipitate throughout the sample by aging at an elevated 

temperature that is well below the temperature used for the initial dissolution. 

In metals that undergo transformations from one crystal structure to another on heating (e.g., 

iron or titanium), the difference in solute solubility between the high- and low- temperature 

phases is often utilized. For example, in the low-alloy steels used for tools and gears, carbon 

forms the hardening precipitate. Carbon is much more soluble in the high- temperature fee 



phase (gamma iron, also called austenite) than in the low-temperature bcc phase (alpha iron, 

or ferrite). The other alloying elements added (e.g., chromium, nickel, and molybdenum) 

retard the transformation of austenite on cooling, so that the fcc-to-bcc transformation occurs 

at a low temperature by a sudden, shear transformation; this allows no time for carbon 

precipitation and makes the steel harder. A final reheating tends to coarsen the precipitate and 

thereby increase ductility; this is commonly called tempering. 

An array of barriers on the same scale as precipitation hardening can be created by 

plastically deforming the metal at room temperature. This is often done in a cold-working 

operation such as rolling, forging, or drawing. The deformation occurs through the generation 

and motion of line defects, called dislocations, on slip planes spaced only a few hundred atom 

diameters apart. When slip occurs on different planes, the intersecting dislocations form tangles 

that inhibit further slip on those planes. Such strain hardening can double or triple the yield 

stress of a metal. 

Alloys can have much better high-temperature oxidation resistance than pure metals. 

The alloying elements most commonly used for this purpose are chromium and aluminum, - 

both of which form an adherent film of stable oxide on the surface that protects the metal from 

further oxidation. Eleven percent or more chromium is added to iron to create a stainless steel, 

while 10 to 15 percent chromium and. 3 to 5 percent aluminum are commonly added to the 

nickel- or cobalt-based superalloys used in the highest-temperature components of jet engines. 

Inhibiting the corrosion of alloys in water is more varied and complex than inhibiting 

high-temperature oxidation. Nevertheless, one of the most common techniques is to add 

alloying elements that inhibit the corrosion. 

Gold and silver used in jewelry and coins are alloyed with other metals to increase 

strength and reduce cost. Sterling silver contains 7.5 percent base metal, commonly copper. 

The fraction of gold in gold jewelry is designated in karats, with 24-karat being pure gold and 

18-karat being 75 percent gold by weight. In coins, alloys with the look and density of silver 

are commonly substituted for silver; for instance, all U.S. coins that appear to be made of silver 

actually have a surface layer of 75 percent copper and 25 percent nickel. 

Alloying can also be done to lower the melting point of a metal. For example, adding 

lead to tin lowers the melting point of the tin-rich alloy, and adding tin to lead lowers the 

melting point of the lead-rich alloy. A 62-percent-tin 38-percent-lead ahoy, which is called the 

eutectic composition, has the lowest melting point of all, much lower than that of either metal. 

Eutectic lead-tin alloys are used for soldering. 

ALLOYING ELEMENTS.  

Nikel 
Nickel (Ni), chemical element, ferromagnetic metal of Group 10 (Vlllb) of the periodic 

table, markedly resistant to oxidation and corrosion. 

Silvery white, tough, and harder than iron, nickel is widely familiar because of its use 

in coinage but is more important either as the pure metal or in the form of alloys for its many 

domestic and industrial applications. Elemental nickel very sparingly occurs together with iron 

in terrestrial and meteoric deposits. The metal was isolated (1751) by a Swedish chemist and 

mineralogist, Baron Axel Fredrik Cronstedt, who prepared an impure sample from an ore 

containing niccolite (nickel arsenide). Earlier, an ore of this same type was called Kupfernickel 

after “Old Nick” and his mischievous gnomes because, though it resembled copper ore, it 

yielded a brittle, unfamiliar metal. Twice as abundant as copper, nickel constitutes about 0.007 

percent of Earth’s crust; it is a fairly common constituent of igneous rocks, though singularly 

few deposits qualify in concentration, size, and accessibility for commercial interest. The 

central regions of Earth are believed to contain considerable quantities. The most important 

sources are pentlandite, found with nickel-bearing pyrrhotite, of which certain varieties contain 

3 to 5 percent nickel, and chalcopyrite, and nickel-bearing laterites, such as garnierite, a 

magnesium-nickel silicate of variable composition. 

The metallurgy of nickel is complicated in its details, many of which vary widely, 

according to the particular ore being processed. In general, the ore is transformed to dinickel 

trisulfide, Ni2S3 (with nickel in the +3 oxidation state), which is roasted in air to give nickel 

oxide, NiO (+2 state), which is then reduced with carbon to obtain the metal. Some high-purity 

nickel is made by the carbonyl process mentioned earlier. (For information about the mining, 

refining, and production of nickel, see nickel processing.) 

Nickel (atomic number 28) resembles iron (atomic number 26) in strength and 



toughness but is more like copper (atomic number 29) in resistance to oxidation and corrosion, 

a combination accounting for many of its applications. Nickel has high electrical and thermal 

conductivity. More than half the nickel produced is used in alloys with iron (particularly in 

stainless steels), and most of the rest is used in corrosion-resistant alloys with copper (including 

Monel, which contains some 60 to 70 percent nickel, 30 to 40 percent copper, and small 

amounts of other metals such as iron) and in heat-resistant alloys with chromium. Nickel is 

also used in electrically resistive, magnetic, and many other kinds of alloys, such as nickel 

silver (with copper and zinc but no silver). The unalloyed metal is utilized to form protective 

coatings on other metals, especially by electroplating. Finely divided nickel is employed to 

catalyze the hydrogenation of unsaturated organic compounds (e.g., fats and oils). 

Nickel can be fabricated readily by the use of standard hot and cold working methods. Nickel 

reacts only slowly with fluorine, eventually developing a protective coating of the fluoride, and 

therefore is used as the pure metal or in the form of alloys such as Monel in equipment for 

handling fluorine gas and corrosive fluorides. Nickel is ferromagnetic at ordinary temperatures, 

although not as strongly as iron, and is less electropositive than iron but dissolves readily in 

dilute mineral acids. 

Natural nickel consists of five stable isotopes: nickel-58 (68.27 percent), nickel-60 (26.10 

percent), nickel-61 (1.13 percent), nickel-62 (3.59 percent), and nickel-64 (0.91 percent). It has 

a face-centred cubic crystal structure. Nickel is ferromagnetic up to 358 °C, or 676 °F (its Curie 

point). The metal is uniquely resistant to the action of alkalies and is frequently used for 

containers for concentrated solutions of sodium hydroxide. Nickel reacts slowly with strong 

acids under ordinary conditions to liberate hydrogen and form Ni2+ ions. 

China is the world’s largest nickel producer. Other major nickel-producing countries 

include Russia, Japan, Australia, and Canada. 

In its compounds nickel exhibits oxidation states of-1, 0, +1, +2, +3, and +4, though 

the +2 state is by far the most common. Ni2+ forms a large number of complexes, 

encompassing coordination numbers 4, 5, and 6 and all of the main structural types—e.g., 

octahedral, trigonal bipyramidal, tetrahedral, and square. 

Compounds with nickel in the +2 state have a variety of industrial applications. For example, 

nickel chloride, N102, nickel nitrate, Ni(NO3)26H2O, and nickel sulfamate, Ni(SO3NH2)2-

4H2O, are employed chiefly in nickel electroplating baths. Nickel sulfate, NiSO4, is also used 

in nickel plating as well as in the preparation of catalysts, ground-coat enamels, and mordants 

(fixatives) for dyeing and textile printing. Nickel oxide, NiO, and nickel peroxide, Ni2O3, are 

prepared for use in fuel cells and storage batteries, respectively. Nickel ferrites are utilized as 

magnetic cores for various types of electrical equipment such as antennas and transformers. 

Typical compounds of nickel in nature, in which it occurs primarily as minerals in 

combination with arsenic, antimony, and sulfur, are nickel sulfide, NiS; nickel arsenide, NiAs; 

nickel antimonide, NiSb; nickel diarsenide, NiAs2; nickel thioarsenide, NiAsS; and nickel 

thioantimonide, NiSbS. In the sulfide nickel is in the +2 oxidation state, but in all the other 

compounds cited it is in the +3 state. 

Among other important commercial compounds are nickel carbonyl, or 

tetracarbonylnickel, Ni(CO)4. This compound, in which nickel exhibits a zero oxidation state, 

is used primarily as a carrier of carbon monoxide in the synthesis of acrylates (compounds 

utilized in the manufacture of plastics) from acetylene and alcohols. It was the first of a class 

of compounds called metal carbonyls to be discovered (1890). The colourless, volatile liquid 

is formed by the action of carbon monoxide on finely divided nickel and is characterized by an 

electronic configuration in which the nickel atom is surrounded by 36 electrons. This type of 

configuration is quite comparable to that of the noble-gas atoms. 

ALLOYING ELEMENTS.  

Molybdenum 

Molybdenum is a silvery grey soft metal. It was discovered in 1778 by Swedish 

Chemist Carl Wilhelm Scheele. Molybdenum was at first mistaken for lead because of its 

texture and appearance. 

The chemical symbol of molybdenum is “Mo.” It has an atomic weight of 42. The word 

molybdenum originated from the Greek word “Molybdos,” meaning lead. Molybdenum is 

found in layers along with other metallic ores. It does not occur as a free metal on Earth. 

Molybdenum is mainly used in the manufacture of steel and metal alloys to increase 

the strength and durability of the metal. 



Molybdenum can withstand very high temperatures because it has a very high melting 
point at about 4730 degrees Fahrenheit. 
The melting point of molybdenum is 2000 degrees higher than the melting point of steel. It is 

a thousand degrees greater than the melting temperature of most of the rocks, and it has the 

fifth-highest melting point compared to all other elements on earth. 

The very high melting point of molybdenum makes it an essential part of many 

manufacturing industries. 

Molybdenum does not exist as a free metal. Therefore, it must be extracted from the 

molybdenite ore. Miners dig up molybdenite from under the ground or from the mountainsides. 

The portion of the soil that has been dug up is transported to the manufacturing site. 

The molybdenite ore is ground to dust and placed in a flotation tank. Air bubbles are pumped 

into the tank, and the molybdenum particles rise to the surface along with the air bubbles and 

are then skimmed off. 

Molybdenum is used to manufacture air crafts, space crafts, rifle barrels, light bulb 

filaments, nuclear energy applications, missiles, and furnace components. It is utilized in the 

petroleum industry as a catalyst. 

It is also used to make stainless steel. When molybdenum is added to stainless steel, it makes 

the steel resistant to very high temperatures. It is an essential element used in chemical and 

lubricant industries. 

Molybdenum is a trace element that the human body uses in small amounts. It is also 

essential for plants and animals as a trace element. 

in human beings, molybdenum is essential as a trace element (an element needed in 

small quantities) and helps in the following ways - 

It helps the body to fight nitrosamines that are associated with cancer-causing agents It breaks 

down sulfite toxins in the body 

Prevents anemia 

Helps the cell to function properly 

Helps in the production of genetic material and proteins 

Molybdenum is found in food sources such as lima beans, spinach, grain, peas, and green leafy 

vegetables. A high intake of molybdenum is toxic to the body and can result in poisoning. 

A dosage of 250 micrograms of Molybdenum supplement every day is safe; anything more 

than that can be toxic. 

Molybdenum is essential for plants and animals for the proper functioning of important 

metabolic activities. 

Molybdenum deficiencies in plants can lead to stunted growth, leaves become yellow 

and wither, the blooming of flowers is restricted, and there is a decrease in the production of 

fruits. In animals, Molybdenum is essential for the proper functioning of the body system. 

ALLOYING ELEMENTS. 

 Titanium 

In its compounds, titanium exhibits oxidation states of +2, +3, and +4, as in the oxygen 

compounds titanium monoxide, TiO, dititanium trioxide, Ti2O3, and titanium dioxide, TiO2, 

respectively. The +4 oxidation state is the most stable. 

The chemistry of titanium in the +2 state is rather restricted. By contrast, many compounds are 

formed by titanium in the +3 state. One of the more important is the trichloride TiC13, a 

crystalline form of which is particularly useful as a catalyst in the stereospecific polymerization 

of propylene to make the commercially valuable polymer polypropylene. 

Of the compounds formed by titanium in its +4 state, the dioxide, TiO2, is the most 

important. This nontoxic. pure white powder is used extensively as a pigmerit in paints, 

enamels, and lacquers. It occurs in nature as the minerals brookite, octahedrite, anatase, and 

rutile. 

Another compound of commercial significance is titanium tetrachloride, a colourless 

liquid used to obtain titanium metal. It is also utilized for skywriting and producing smoke 

screens and as a catalyst in many organic reactions. 

Titanium combines directly with many nonmetals, such as hydrogen, the halogens, 

nitrogen, carbon, boron, silicon, and sulfur at elevated temperatures. The resulting nitride 

(TiN), carbide (TiC), and borides (TiB and TiB2) are interstitial compounds that are very 

stable, hard, and refractory. 
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 Manganese 

Manganese (Mn), chemical element, one of the silvery white, hard, brittle metals of 

Group 7 (Vllb) of the periodic table. It was recognized as an element in 1774 by the Swedish 

chemist Carl Wilhelm Scheele while working with the mineral pyrolusite and was isolated the 

same year by his associate. Johan Gottlieb Gahn. Although it is rarely used in pure form, 

manganese is essential to steelmaking. 

Manganese combined with other elements is widely distributed in Earth's crust. 

Manganese is second only to iron among the transition elements in its abundance in Earth’s 

crust: it is roughly similar to iron in its physical and chemical properties but is harder and more 

brittle. It occurs in a number of substantial deposits, of which the most important ores (which 

are mainly oxides) consist primarily of manganese dioxide (Mn02) in the form of pyrolusite, 

romanechite, and wad. Manganese is essential to plant growth and is involved in the 

assimilation of nitrates in green plants and algae. It is an essential trace element in higher 

animals, in which it participates in the action of many enzymes. Lack of manganese causes 

testicular atrophy. An excess of this element in plants and animals is toxic. 

Manganese ores are primarily produced by Australia. South Africa, China. Gabon, and 

Brazil. Large areas of the ocean floor are covered with manganese nodules, also called 

polymetallic nodules, concretions of manganese with some iron, silicon, and aluminum. The 

amount of manganese in the nodules is estimated to be much more than that in land reserves. 

Most of the manganese produced is used in the form of ferromanganese and silicomanganese 

alloys for iron and steel manufacture. Manganese ores containing iron oxides are first reduced 

in blast furnaces or electric furnaces with carbon to yield ferromanganese, which in turn is used 

in steelmaking. Adding manganese, which has a greater affinity for sulfur than does iron, 

converts the low-melting iron sulfide in steel to high- melting manganese sulfide. Produced 

without manganese, steel breaks up when hot-rolled or forged. Steels generally contain less 

than 1 percent manganese. Manganese steel is used for very rugged service; containing 11-44 

percent manganese, it provides a hard, wear-resistant, and self-renewing surface over a tough 

unbreakable core. Pure manganese produced electrolytically is used mostly in the preparation 

of nonferrous alloys of copper, aluminum, magnesium, and nickel and in the production of 

high-puritv chemicals. Practically all commercial alloys of aluminum and magnesium contain 

manganese to improve corrosion resistance and mechanical properties. Aluminum cans contain 

about 1.5 percent manganese. (For detailed information on the extraction, refining, and 

applications of manganese, see manganese processing.) 

All natural manganese is the stable isotope manganese-55. It exists in four allotropic 

modifications; the complex cubic structure of the so-called alpha phase is the form stable at 

ordinary temperatures. Manganese somewhat resembles iron in general chemical activity. The 

metal oxidizes superficially in air and rusts in moist air. It burns in air or oxygen at elevated 

temperatures, as does iron; decomposes water slowly when cold and rapidly on heating; and 

dissolves readily in dilute mineral acids with hydrogen evolution and the formation of the 

corresponding salts in the +2 oxidation state. 

Manganese is quite electropositive, dissolving very readily in dilute nonoxidizing 

acids. Although relatively unreactive toward nonmetals at room temperature, it reacts with 

many at elevated temperatures. Thus, manganese burns in chlorine to give manganese(II) 

chloride (MnC12), reacts with fluorine to give manganese(II) fluoride (MnF2) and 

manganese(III) fluoride (MnF3), burns in nitrogen at about 1,200 °C (2,200 °F) to give 

manganese(II) nitride (Mn3N2), and burns in oxygen to give manganese(II,III) oxide 

(Mn3O4). Manganese also combines directly with boron, carbon, sulfur, silicon, or phosphorus 

but not with hydrogen. 

Of the wide variety of compounds formed by manganese, the most stable occur in 

oxidation states +2, +6, and +7. These are exemplified, respectively, by the manganous salts 

(with manganese as the Mn2+ ion), the manganates (MnO42~), and the permanganates 

(MnO4-). As in the case of titanium, vanadium, and chromium, the highest oxidation state (+7) 

of manganese corresponds to the total number of 3d and 4s electrons. That state occurs only in 

the oxo species permanganate (Mn04—), manganese heptoxide (Mn2O7), and manganese 

trioxide fluoride (MnO3F), which show some similarity to corresponding compounds of the 

halogens—for example, in the instability of the oxide. Manganese in oxidation state +7 is 

powerfully oxidizing, usually being reduced to manganese in the +2 state. The intermediate 



oxidation states are known, but, except for some compounds in the +3 and +4 states, they are 

not particularly important. 

The principal industrial compounds of manganese include several oxides. 

Manganese)II) oxide, or manganese monoxide (MnO), is used as a starting material for the 

production of manganous salts, as an additive in fertilizers, and as a reagent in textile printing. 

It occurs in nature as the green mineral manganosite. It also can be prepared commercially by 

heating manganese carbonate in the absence of air or by passing hydrogen or carbon monoxide 

over manganese dioxide. 

The most important manganese compound is manganese dioxide, in which manganese 

is in the +4 oxidation state, and the black mineral pyrolusite is the chief source of manganese 

and all of its compounds. It is also widely used as a chemical oxidant in organic synthesis. 

Manganese dioxide is used as the cathode material in dry-cell batteries. It is produced directly 

from the ore, although substantial amounts are also prepared synthetically. The synthetic oxide 

is prepared by decomposition of manganous nitrate; by reaction of manganous sulfate, oxygen, 

and sodium hydroxide; or by electrolysis of an aqueous solution of manganese sulfate. 

Various manganese salts also have commercial 

importance. Manganese sulfate (MnSO4) is added to soils 

to promote plant growth, especially of citrus crops. In 

addition, it is a good reducing agent, particularly useful in 

the manufacture of paint and varnish dryers. The deep-

purple compound potassium permanganate (KMnQ4) has 

many uses, most notably as a disinfectant, water purifier, 

and antiseptic. 
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Chromium 

Chromium (Cr), chemical element of Group 6 ( Vlb) of the periodic table, a hard steel- 

gray metal that takes a high polish and is used in alloys to increase strength and corrosion 

resistance. Chromium was discovered (1797) by the French chemist Nicolas- Louis Vauquelin 

and isolated as the metal a year later; it was named for its multicoloured compounds. The green 

colour of emerald, serpentine, and chrome mica and the red colour of ruby are due to small 

amounts of chromium. The name of the element chromium (from Greek chromos, “colour”) 

connotes the pronounced and varied colorations of chromium compounds. 

Chromium is a relatively abundant element in Earth’s crust; the free metal is never 

found in nature. Most ores consist of the mineral chromite, the ideal formula of which is 

FeCr2O4. It is widely dispersed in natural deposits, which are usually contaminated with 

oxygen, magnesium, aluminum, and silica; their chromium content varies from 42 to 56 

percent. One of the chief uses of chromium is in ferrous alloys, for which the pure metal is not 

required. Accordingly, chromite is often reduced with carbon in a furnace, producing the aliov 

ferrochromium, which contains iron and chromium in an atom ratio of approximately 1 to 2. 

To obtain pure chromium, chromite is first treated with molten alkali and oxygen, 

converting all of the chromium to the alkali chromate, and the latter is dissolved in water and 

eventually precipitated as sodium dichromate, Na2Cr2O7. The dichromate is then reduced with 

carbon to chromium sesquioxide, Cr2O3, and that oxide in turn is reduced with aluminum to 

give the chromium metal. Chromium is added to iron and nickel in the form of ferrochromium 

to produce alloys specially characterized by their high resistance to corrosion and oxidation. 

Used in small amounts, chromium hardens steel. Stainless steels are alloys of chromium and 

iron in which the chromium content varies from 10 to 26 percent. Chromium alloys are used to 

fabricate such products as oil tubing, automobile trim, and cutlery. Chromite is used as a 

refractory and as a raw material for the production of chromium chemicals. 

The metal is white, hard, lustrous, and brittle and is extremely resistant to ordinary 

corrosive reagents; this resistance accounts for its extensive use as an electroplated protective 

coating. At elevated temperatures chromium unites directly with the halogens or with sulfur, 

silicon, boron, nitrogen, carbon, or oxygen. (For additional treatment of chromium metal and 

its production, see chromium processing.) 

Natural chromium consists of a mixture of four stable isotopes: chromium-52 (83.76 

percent), chromium-53 (9.55 percent), chromium-50 (4.31 percent), and chromium-54 (2.38 

percent). The metal is paramagnetic (weakly attracted to a magnet). It exists in two forms: 

body-centred cubic (alpha) and hexagonal close-packed (beta). At room temperature, 



chromium slowly dissolves in hydrochloric and dilute sulfuric acids. Certain oxidizing agents 

produce a thin unreactive oxide layer on the metal, rendering it passive also to dilute mineral 

acids, such as sulfuric, nitric, or cold aqua regia. At ordinary temperatures the metal shows no 

reaction to seawater or to wet or dry air. 

Top producers of chromium include South Africa, India, Kazakhstan, and Turkey. 

The most common oxidation states of chromium are +6, +3, and +2. A few stable 

compounds of the +5, +4, and +1 states, however, are known. 

In the +6 oxidation state, the most important species formed by chromium are the chromate, 

CrO42-, and dichromate, Cr2O72~, ions. These ions form the basis for a series of industrially 

important salts. Among them are sodium chromate, Na2CrO4, and sodium dichromate, 

Na2Cr2O7, which are used in leather tanning, in metal surface treatment, and as catalysts in 

various industrial processes. 

Chromium forms several commercially valuable oxygen compounds, the most 

important of which is chromium oxide, commonly called chromium trioxide or chromic acid. 

CrO3, in which chromium is in the +6 oxidation state. An orange-red crystalline solid, chromic 

acid liquefies gradually when exposed to moist air. It is usually produced by treatment of 

sodium dichromate with sulfuric acid. Chromic acid is used chiefly for chromium plating but 

is also employed as a colorant in ceramics. It is a powerful oxidant and may react violently 

with some organic materials, but such solutions are often utilized by controlled oxidations in 

organic synthesis. 

Another significant oxygen compound is chromium oxide, also known as chromium 

sesquioxide or chromic oxide, Cr2O3, in which chromium is in the +3 oxidation state. It is 

prepared by calcining sodium dichromate in the presence of carbon or sulfur. Chromium oxide 

is a green powder and is employed extensively as a pigment; its hydrate form, known as 

Guignet’s green, is used when chemical and heat resistance are required. 

ALLOYING ELEMENTS.  

Silicon 

Silicon (Si), a nonmetallic chemical element in the carbon family (Group 14 [IVa] of the 
periodic table). Silicon makes up 27.7 percent of Earth’s crust; it is the second most abundant 

element in the crust, being surpassed only by oxygen. 

The name silicon derives from the Latin silex or silicis, meaning “flint” or “hard 

stone.” Amorphous elemental silicon was first isolated and described as an element in 1824 

by Jons Jacob Berzelius, a Swedish chemist. Impure silicon had already been obtained in 

1811. Crystalline elemental silicon was not prepared until 1854, when it was obtained as a 

product of electrolysis. In the form of rock crystal, however, silicon was familiar to the 

predynastic Egyptians, who used it for beads and small vases; to the early Chinese; and 

probably to many others of the ancients. The manufacture of glass containing silica was 

carried out both by the Egyptians—at least as early as 1500 BCE—and by the 

Phoenicians. Certainly, many of the naturally occurring compounds called silicates were used 

in various kinds of mortar for construction of dwellings by the earliest people. 

On a weight basis, the abundance of silicon in the crust of Earth is exceeded only by 

oxygen. Estimates of the cosmic abundance of other elements often are cited in terms of the 

number of their atoms per 106 atoms of silicon. 

Only hydrogen, helium, oxygen, neon, nitrogen, and carbon exceed silicon in cosmic 

abundance. Silicon is believed to be a cosmic product of alpha-particle absorption, at a 

temperature of about 109 K, by the nuclei of carbon-12, oxygen-16, and neon-20. The energy 

binding the particles that form the nucleus of silicon is about 8.4 million electron volts (MeV) 

per nucleon (proton or neutron). Compared with the maximum of about 8.7 million electron 

volts for the nucleus of iron, almost twice as massive as that of silicon, this figure indicates 

the relative stability of the silicon nucleus. 

Earth's crust composition. 

The mineral composition of Earth's 

crust. Pure silicon is too reactive to 

be found in nature, but it is found in 

practically all rocks as well as in 

sand, clays, and soils, combined 

either with oxygen as silica (SiO2, 

silicon dioxide) or with oxygen and other elements (e.g., aluminum, magnesium, calcium, 



sodium, potassium, or iron) as silicates. The oxidized form, as silicon dioxide and particularly 

as silicates, is also common in Earth’s crust and is an important component of Earth’s mantle. 

Its compounds also occur in all natural waters, in the atmosphere (as siliceous dust), in many 

plants, and in the skeletons, tissues, and body fluids of some animals. 

In compounds, silicon dioxide occurs both in crystalline minerals (e.g., quartz, 

cristobalite, tridymite) and amorphous or seemingly amorphous minerals (e.g., agate, opal, 

chalcedony) in all land areas. The natural silicates are characterized by their abundance, wide 

distribution, and structural and compositional complexities. Most of the elements of the 

following groups in the periodic table are found in silicate minerals: Groups 1- 6, 13, and 17 

(I—Illa, Illb-VIb, and Vila). These elements are said to be lithophilic, or stoneloving. Important 

silicate minerals include the clays, feldspar, olivine, pyroxene, amphiboles, micas, 

and zeolites. 

 
 

 

 

granite 

Granite is an igneous rock. It is composed of the minerals feldspar, quartz, and one or 

more kinds of mica. 

Elemental silicon is produced commercially by the reduction of silica (SiO2) with coke 

in an electric furnace, and the impure product is then refined. On a small scale, silicon can be 

obtained from the oxide by reduction with aluminum. Almost pure silicon is obtained by the 

reduction of silicon tetrachloride or trichlorosilane. For use in electronic devices, single crystals 

are grown by slowly withdrawing seed crystals from molten silicon. 

Pure silicon is a hard, dark gray solid with a metallic lustre and with a octahedral 

crystalline structure the same as that of the diamond form of 

carbon, to which silicon shows many chemical and physical 

similarities. The reduced bond energy in crystalline silicon 

renders the element lower melting, softer, and chemically 

more reactive than diamond. A brown, powdery, amorphous 

form of silicon has been described that also has a 

microcrystalline structure. 

 silicon 

Because silicon forms chains similar to those formed by carbon, silicon has been 

studied as a possible base element for silicon organisms. The limited number of silicon atoms 

that can catenate, however, greatly reduces the number and variety of silicon compounds 

compared with those of carbon. The oxidation-reduction reactions do not appear to be 

reversible at ordinary temperatures. Only the 0 and +4 oxidation states of silicon are stable in 

aqueous systems. 

Silicon, like carbon, is relatively inactive at ordinary temperatures; but when heated it reacts 

vigorously with the halogens (fluorine, chlorine, bromine, and iodine) to form halides and with 

certain metals to form silicides. As is true with carbon, the bonds in elemental silicon are strong 

enough to require large energies to activate, or promote, reaction in an acidic medium, so it is 

unaffected by acids except hydrofluoric. At red heat, silicon is attacked by water vapour or by 

oxygen, forming a surface layer of silicon dioxide. When silicon and carbon are combined at 

electric furnace temperatures (2,000-2,600[3,600-4,700 °F]), they form silicon carbide 

(carborundum, SiC), which is an important abrasive. With hydrogen, silicon forms a series of 

hydrides, the silanes. When combined with hydrocarbon groups, silicon forms a series of 

organic silicon compounds. 

Three stable isotopes of silicon are known: silicon-28, which makes up 92.21 percent 

of the element in nature; silicon-29, 4.70 percent; and silicon-30, 3.09 percent. Five radioactive 

isotopes are known. 

Elemental silicon and most silicon-containing compounds appear to be nontoxic. Indeed, 

human tissue often contains 6 to 90 milligrams of silica (SiO2) per 100 grams dry weight, and 

many plants and lower forms of life assimilate silica and use it in their structures. Inhalation of 

- dusts containing alpha SiO2, however, produces a serious lung disease called silicosis, 

common among miners, stonecutters, and ceramic workers, unless protective devices are used. 



Silicon’s atomic structure makes it an extremely important semiconductor (see crystal: Electric 

properties), and silicon is the most important semiconductor in the electronics and technology 

sector. Addition of an element such as boron, an atom of which can be substituted for a silicon 

atom in the crystal structure but which provides one less valence electron (boron is an acceptor 

atom) than silicon, allows silicon atoms to lose electrons to it. The positive holes created by 

the shift in electrons allow extrinsic semiconduction of a type referred to as positive (p). 

Addition of an element such as arsenic, an atom of which can also be substituted for a silicon 

atom in the crystal but which provides an extra valence electron (arsenic is a donor atom), 

releases its electron within the lattice. These electrons allow semiconduction of the negative 

(n) type. Highly purified silicon, doped (infused) with such elements as boron, phosphorus, and 

arsenic, is commonly known as a silicon wafer and is the basic material used in computer chips, 

integrated circuits, transistors, silicon diodes, liquid crystal displays, and various other 

electronic and switching devices. 

Silicon of lesser purity is used in metallurgy as a reducing agent and as an alloying 

element in steel, aluminum, brass, and bronze. The most important compounds of silicon are 

the dioxide (silica) and the various silicates. Silica in the form of sand and clay is used to make 

concrete and bricks as well as refractory materials for high-temperature applications. As the 

mineral quartz, the compound may be softened by heating and shaped into glassware. Silica 

(silicon dioxide) is useful as an abrasive, in the production of glass and other ceramic bodies, 

and as an adsorbent. Silicates, most of which are insoluble in water, are employed in making 

glass as well as in the fabrication of enamels, pottery, china, and other ceramic materials. 

Sodium silicates, commonly known as water glass, or silicate of soda, are used in soaps, in the 

treatment of wood to prevent decay, for the preservation 

of eggs, as a cement, and in dyeing. Both naturally 

occurring and synthetically produced silicates are 

important in building materials, absorbents, and ion 

exchangers. Silicones are synthetic organosilicon oxides 

composed of the elements silicon, oxygen, carbon, and 

hydrogen; they are used as lubricants, hydraulic fluids, 

waterproofing compounds, varnishes, and enamels 

because, as a class, they are chemically inert and 

unusually stable at high 

PROPERTIES OF METALS. TABLES OF PHYSICAL PROPERTIES OF 

METALS 

Metal density 

Metals at 20° C Metal density, kg/m3 

Actinium 10100 

Aluminium 2700 

Americium 13670 

Barium 3760 

Beryllium 1850 

Vanadium 5960 

Bismuth 9800 

Tungsten 19300 

Gallium 5900 

Germanium 5320 

Iron 7870 

Gold 19300 

Indium 7310 

Iridium 22400 

Yttrium 4480 

Cadmium 8650 

Calcium 1540 

Cobalt 8840 

Lanthanum 6160 

Brass  8500 

Lithium 534 



Magnesium 1740 

Manganese 7440 

Copper 8960 

Molybdenum 10200 

Sodium 968 

Nickel  8900 

Niobium 8570 

White tin 7300 

Grey tin 5850 

Osmium 22600 

Palladium 12000 

Platinum 21500 

Radium 6000 

Rhenium 21000 

Rhodium 12400 

Mercury 13546 

Ruthenium 12400 

Lead 11400 

Silver 10500 

Scandium 3020 

Steel 7600-7900 

Strontium 2630 

Antimony 6680 

Thallium 11850 

Titanium 4505 

Uranium 19000 

Chromium 7190 

Cesium 1904 

Zinc 7140 

Zirconium 6510,7 

Cast iron 7000 

2. Mohs hardness of metals 

Hardness Metal 

0.2 Cesium 

0.3 Rubidium 

0.4 Potassium 

0.5 Sodium 

0.6 Lithium 

1.2 Indium 

1.2 Thallium 

1.25 Barium 

1.5 Strontium 

1.5 Gallium 

1.5 Tin 

1.5 Lead 

1.5 Mercury 

1.75 Calcium 

2.0 Cadmium 

2.25 Bismuth 

2.5 Magnesium 

2.5 Zinc 

2.5 Lanthanum 

2.5 Silver 

2.5 Gold 

2.59 Yttrium 

2.75 Aluminium 



3.0 Copper 

3.0 Antimony 

3.0 Thorium 

3.17 Scandium 

3.5 Platinum 

3.75 Cobalt 

3.75 Palladium 

3.75 Zirconium 

4.0 Iron 

4.0 Nickel 

4.0 Hafnium 

4.0 Manganese 

4.5 Vanadium 

4.5 Molybdenum 

4.5 Rhodium 

4.5 Titanium 

4.75 Niobium 

5.0 Iridium 

5.0 Ruthenium 

5.0 Tantalum 

5.0 Technetium 

5.0 Chromium 

5.5 Beryllium 

5.5 Osmium 

5.5 Rhenium 

6.0 Tungsten 

6.0 B-Uranus 

3. Melting point of fusible metals and alloys 

Metal name Melting point, oC 

Mercury -38,83 

Francium 25 

Cesium 28,44 

Gallium 29,7646 

Rubidium 39,3 

Potassium 63,5 

Sodium 97,81 

Indium  156,5985 

Lithium 180,54 

Tin 231,93 

Polonium 254 

Bismuth 271,3 

Thallium 304 

Cadmium 321,07 

Lead 327,46 

Zinc 419,53 

4. Melting point of medium-melting metals and alloys 

Metal name Melting point, oC 

Antimony 630,63 

Neptunium 639 

Plutonium 639,4 

Magnesium 650 

Aluminium 600,32 

Radium 700 

Barium 727 

Strontium 777 



Cerium 795 

Ytterbium 824 

Europium  826 

Calcium 841,85 

Lanthanum 920 

Praseodymium 935 

Germanium 938,25 

Silver 961,78 

Neodymium 1024 

Promethium 1042 

Actinium 1050 

Gold 1064,18 

Samarium 1072 

Copper 1084,62 

Uranium 1132,2 

Manganese 1246 

Beryllium 1287 

Gadolinium 1312 

Terbium 1356 

Dysprosium 1407 

Nickel 1455 

Holmium 1461 

Cobalt 1495 

Yttrium 1526 

Erbium 1529 

Iron 1538 

Scandium 1541 

Thulium 1545 

Palladium 1554,9 

Protactinium 1569 

5.Melting point of refractory metals and alloys 

Metal name Melting point, oC 

Lutetium 1652 

Titanium 1668 

Thorium 1750 

Platinum 1768,3 

Zirconium 1855 

Chromium 1907 

Vanadium 1910 

Rhodium 1964 

Technetium 2157 

Hafnium 2233 

Ruthenium 2334 

Iridium 2466 

Niobium 2477 

Molybdenum 2623 

Tantalum 3017 

Osmium 3033 

Rhenium 3186 

Tungsten 3422 

 

ТЕХНИЧЕСКИЙ ФИЛ ВОРД 

Поле №1. 

F J S А С U P V С Z Y R T I Т А N I U M 



М А S U О Q W Е R т Y А U I О Р А S D F 
О L I Р B G н J К S L L Z X С О Р р Е R 
R U P L А U P V С T М L F I P Р Р G 'Г F 
А M M М L H О Р А Е О О М Р M С К M С М 
Q I N F Т K J R Т Е R Y О Н N А С О H О 
I N К J R T Y U I L А I R N К R А R R R 
Р 1 L N I K Е L Q I Q N А М L В Т А О А 
H U G L R T Y U I О P G Q Z G I I Q M Q 
N M R D L P V Z А F R Q А S F D Q I I I 
М M О X U I L S I L I С О N W Е V С U Q 
Z Z I R О N V Z А F R Q А S F G J L M M 
L I А Т R T Y U I О Р А S D F G G Н J J 
Е О Q R J K L M О L Y В D Е N U М Z X С 
А А W О L P V Z А F R Q А S F G J L О Y 
D Q Р P G T I Е R М А N G А N Е S Е V С 

 

Поле №2. 

Р R Е N T А Т 
Е Е S Y Е В I 
R Р S А S S О 
F О С' R T T N 
O R Е О S R Т 
R Т С W S А С 
М А N О R D  

 


